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APPELLANTS' APPEAL BRIEF 



Appellants submit this Appeal Brief in support of the Notice of Appeal filed on January 
30, 2012. This Appeal is taken from the Final Office Action dated July 29, 201 1 . 
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I. REAL PARTIES IN INTEREST 

The real parties in interest for the above-identified patent application on Appeal is The 
Curators of The University of Missouri by virtue of Assignments recorded on November 21. 
2006 at reel/frame 018542/0168 in the United States Patent and Trademark Office. 
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II. RELATED APPEALS AND INTERFERENCES 

Appellant's legal representative and the Assignee of this patent application submit that 
this application (U.S. 10/681,788) was previously appealed and that the Examiner re-opened 
prosecution of this application in view of the Appeal Brief filed on January 21, 2010. 
Appellant's legal representative and the Assignee of this patent application further submit that a 
Notice of Appeal and an Appeal Brief has been filed on May 10, 2011 and July 11, 2011, 
respectively, in a continuation-in-part application (U.S. 1 1/290,070) and that a Notice of Appeal 
and Appeal Brief has been filed on May 10, 2011 and July 11, 2011, respectively, in a 
continuation-in-part application (U.S. 11/425,084). Appellant's legal representative and the 
Assignee of this patent application further submit that a Reply Brief was filed on December 19, 
201 1 in U.S. 1 1/290,070 and U.S. 1 1/425,084. Appellant's legal representative and the Assignee 
of this patent application further submit that they do not know of any interferences or judicial 
proceedings that may be related to, directly affect or be directly affected by or have a bearing on 
the Board's decision with respect to the above-identified Appeal. 



3 



Appl. No.: 10/681,788 



III. STATUS OF CLAIMS 

Claims 1-5, 7-13 and 15-30 are pending in this application. Claims 6 and 14 were 
previously cancelled and claims 8-12, 20, 21 and 25 are withdrawn. Claims 1-5, 7, 13, 15-19, 
and 22-30 stand rejected. Therefore, claims 1-5, 7, 13, 15-19, and 22-30 (with claim 1 in 
independent form) are being appealed in this Brief. The appealed claims are reproduced in the 
Claims Appendix. 
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IV. STATUS OF AMENDMENTS 

A Preliminary Amendment was filed on June 19, 2007. A first Non-Final Office Action 
was mailed on August 20, 2007. Appellants filed a Response to the first Non-Final Office 
Action on December 19, 2007. A Final Office Action was mailed on March 28, 2008. 
Appellants subsequently filed a request for continued examination on August 8, 2008. A Final 
Office Action was mailed on October 6, 2008. Appellants filed a Notice of Appeal on October 
31, 2008 and an Appeal Brief on January 21, 2010 with respect to a Final Office Action dated 
October 6, 2008. The Examiner reopened prosecution in this case with the Non-Final Office 
Action dated April 8, 2010. Appellants filed a response on September 15, 2010. A Non-Final 
Office Action was mailed on November 22, 2010. Appellants filed a response on May 20, 201 1. 
A Final Office Action was mailed on July 29, 2011 (attached hereto as EXHIBIT A in the 
Evidence Appendix). A Notice of Appeal was then filed on January 30, 2012. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

A summary of the claimed subject matter by way of reference to the specification and/or 
figures for sole independent claim 1 is provided as follows: 

A method of preventing or delaying onset of Type 1 diabetes in a subject in need thereof 
(Page 4, lines 11-14), the method comprising administering to the subject a pharmaceutically 
acceptable composition comprising a soluble fusion protein (page 25, line 9), wherein the fusion 
protein comprises at least one immunoglobulin having a variable region comprising a CDR1 , a 
CDR2, or a CDR3 region (page 22, lines 23-24), the at least one immunoglobulin having at least 
one protein fragment or peptide inserted within the variable region (page 22, lines 19 - 20); 
wherein (a) the protein fragment or peptide is GAD2 represented by SEQ. ID NO 4 (page 23, 
line 1), (b) the subject has undergone insulin autoantibody seroconversion prior to said 
administering step (page 21, line 10 and page 27 line 21- page 28, line 2) and (c) the composition 
is administered to the subject in one or more dosage administrations (page 37, lines 21-22 and 
original claim 1). 

Although citations are given in accordance with 37 C.F.R. § 41.37(v), these reference 
numerals and citations are merely examples of support in the specification for the terms used in 
this section of the Brief. There is no intention to suggest in any way that the terms of the claims 
are limited to the examples in the specification. As demonstrated by the references numerals and 
citations, the claims are fully supported by the specification as required by law. However, it is 
improper under the law to read limitations from the specification into the claims. Pointing out 
specification support for the claim terminology in accordance with Rule 41.37(v) does not in any 
way limit the scope of the claims to those examples from which they find support. Nor does this 
exercise provide a mechanism for circumventing the law precluding reading limitations into the 
claims from the specification. In short, the references numerals and specification citations are 
not to be construed as claim limitations or in any way used to limit the scope of the claims. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether claims 1-5, 7, 13, 15-19, 22-24 and 26-30 are unpatentable under 35 U.S.C. 
§112, first paragraph as containing subject matter which was not described in the specification in 
such way as to enable one skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and/or use the invention. 

2. Whether claims 1-5, 7, 13, 15-19, 22-24, and 26-30 are unpatentable under the judicially 
created doctrine of obviousness type double patenting over claims 1-7 and 13-16 of U.S. Patent 
Application No. 11/290,070. 

3. Whether claims 1-5, 7, 13, 15-19, 22-24 and 26-30 are unpatentable under the judicially 
created doctrine of obviousness type double patenting over claims 1-7 and 13-16 of U.S. Patent 
Application No. 11/425,084. 

4. Whether claims 1-5, 7, 13, 15-19, 22-24 and 26-30 are unpatentable under 35 U.S.C. 
§112, first paragraph as failing to comply with the written description requirement. 

5. Whether claims 1, 2, 4, 5, 7, 13, 15-19, 22-24, 26 and 28-30 are unpatentable under 35 
U.S.C. § 103(a) as being obvious over WO 98/30706 in view of Chao et al. (1999) PNAS 
96:9299-9304 ("Chao"). Copies of WO 98/30706 and Chao are attached hereto as EXHIBITS B 
and C, respectively, in the Evidence Appendix. 
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VII. ARGUMENT 

1. REJECTION UNDER 35 U.S.C. $112, FIRST PARAGRAPH SHOULD BE 
REVERSED BECAUSE THE EXAMINER HAS FAILED TO ESTABLISH A 
PRIMA FACIE CASE OF LACK OF ENABLEMENT OR APPELLANT HAS 
REBUTTED ANY SUCH PRIMA FACIE CASE. 

Claims 1-5, 7, 13, 15-19, 22-24 and 26-30 stand rejected under 35 U.S.C. §112, first 
paragraph as allegedly containing subject matter which was not described in the specification in 
such way as to enable one skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and/or use the invention. As described in detail below, no prima facie case 
of lack of enablement has been established. Furthermore, even if a prima facie case of lack of 
enablement has been established, which is denied, Appellants previously rebutted it. 

It is settled law that a specification disclosure which contains a teaching of the manner 
and process of making and using the invention in terms which correspond in scope to those used 
in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enablement requirement of the first paragraph of § 112 unless there is 
reason to doubt the objective truth of the statements contained therein. MPEP 2164.04 citing In 
re Marzocchi, 58 C.C.P.A. 1069, 439 F.2d 220, 223, 169 U.S.P.Q. (BNA) 367, 369 (CCPA 
1971). Thus, the PTO has the initial burden of challenging a presumptively correct assertion of 
enablement in the disclosure. Only after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility does the burden shift to the 
applicant to provide rebuttal evidence sufficient to convince such a person of the 
invention's asserted utility. See In re Bundy, 642 F.2d 430, 433, 209 U.S.P.Q. (BNA) 48, 51 
(CCPA 1981). 

The Examiner has alleged for various reasons that the instant claims are not enabled by 
the present disclosure. In particular, the Examiner purports that the state of the art would require 
undue experimentation for administering peptides to induce immune tolerance to prevent/delay 
the onset of Type 1 diabetes in humans because such methods were unpredictable at the time of 
the present invention. However, the PTO has not provided any credible evidence showing that 
one of ordinary skill in the art would reasonably doubt the asserted utility of the claimed 
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invention and has therefore not met its initial burden. The final Office Action dated July 29, 

201 1 (EXHIBIT A) at page 2 states that: 

[w]hile the mechanism of action for the method of the instant claims is not 
disclosed, it appears to require inducing tolerance to GAD and altered GAD 
'derived' peptides. Tolerance-inducing peptide immunotherapy is well known in 
the immunological arts. In some cases significant results have been demonstrated 
in in-bred small animal models. However said results have not been repeated in 
human trials. 

As an initial matter, Appellants point out that tolerance induction as a mechanism of 
action is not a limitation of the present claims. Furthermore, as discussed in detail below, the 
sum total the evidence provided by the Patent Office shows that, using fundamentally different 
therapeutic agents than presently claimed, tested in diseases other than Type 1 diabetes as 
presently claimed, some researchers have achieved tolerance results in animal models that have 
been difficult to reproduce in humans. See, Final Office Action dated July 29, 2011 at page 3 
(EXHIBIT A). At most, these references are only tangentially related to the presently claimed 
invention and simply do not cast any doubt, let alone any reasonable doubt, on the presently 
clamed invention which entails an altogether different therapeutic agent and altogether different 
disease state than those discussed in the references relied upon by the PTO. This is simply not 
enough to establish a prima facie case of lack of enablement. 

Based on the logic used in the instant rejection, the use of a novel compound to treat a 
given cancer would be unpatentable in the absence of human data if prior treatment of an 
altogether different cancer with a different compound had shown success in animals but failed to 
achieve FDA approval. This is neither the law nor sound policy. Appellants respectfully submit 
that the burden of challenging the presumptively correct assertion of the manner of making and 
using the invention has not been met. 

A. No Prima Facie Case of Lack of Enablement has been Established. 

i. Post-filing Date References Cannot Be Used in an Enablement 
Rejection. 

MPEP 2164.05(a) and In re Hogan (559 F.2d 595, 605, 194 USPQ 527, 537 (CCPA 
1977)) make clear that post-filing date references should not be used to demonstrate that the 
patent is non-enabling. Two narrow exceptions to this rule exist in cases in cases where (1) a 
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later-dated reference provides evidence of what one skilled in the art would have known on or 
before the effective filing date of the patent application or (2) if a later-dated reference actually 
discloses the claimed invention. Id. 

In the Final Office Action mailed July 29, 2011 (EXHIBIT A), the Examiner attempts to 
overturn years of existing case law by setting forth that any post-filing date reference can be used 
in an enablement rejection. Specifically, the Examiner suggests that a post-filing date reference 
that provides evidence of what one skilled in the art learned after the filing date can be used in an 
enablement rejection. This is not the law. The MPEP says that, 'If individuals of skill in the art 
state that a particular invention was not possible years after the filing date, that would be 
evidence that the disclosed invention was not possible at the time of filing and should be 
considered." The phrase "particular invention" clearly refers to the claimed invention for which 
enablement is being challenged — referred to in the MPEP as the "disclosed invention." The two 
examples cited by the Examiner reinforce this conclusion. In other words, in order to fall within 
the exception, the post-filing date references must disclose an invention that falls within the 
scope of the claimed invention for which enablement is being challenged — i.e. the same 
invention. 

In In re Wright, (MPEP 2164.06(b)(B)) the patentee described a process for the 
production of a recombinant vaccine which conferred immunity against the RNA tumor virus 
Prague Avian Sarcoma Virus (PrASV) but sought to patent claims directed to processes for 
producing recombinant vaccines against " all RNA viruses as well as avian RNA viruses." 
(emphasis added). The Court in Wright held that such claims were not enabled in view of a 
reference dated 5 years after the filing date of Wright's application - the reference disclosing that 
recombinant vaccines to AIDS retroviruses (an RNA virus) did not produce antibodies that could 
prevent viral infectivity. Because the claims broadly covered processes for producing 
recombinant vaccines against "all RNA viruses" and the post-filing date reference disclosed that 
recombinant vaccines against one particular RNA virus (AIDS retrovirus) did not produce 
antibodies that could prevent viral infectivity, enablement was lacking. In other words, the post- 
filing date reference disclosed an unsuccessful embodiment that was within the scope of the 
claimed genus of RNA viruses (i.e. the claimed invention). 

In the second case cited by the Examiner, In re Goodman, 11 F.3d 1046, 29 USPQ2d 
2010 (Fed. Cir. 1993), the 1985 application enabled protein expression in dicotyledonous plant 
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cells, but the claims were broadly directed to protein expression in any plant cell. See MPEP 
2164.06(b)(C). The PTO provided evidence that as of 1987, the use of the claimed method in 
monocot plant cells was not enabled. Again, the post-filing date reference disclosed an 
unsuccessful embodiment falling within the scope of the claims at issue (i.e. the claimed 
invention). 

In the present case, none of the references relied on by the Examiner disclose an 
embodiment falling within the scope of the present claims and most or all are only tangentially 
related to the presently claimed invention. As such, these post-filing date references clearly do 
not fall into the narrow exception to the rule, set forth in Hogan, that post-filing date references 
should not be used to demonstrate that the patent is non-enabling unless they actually disclose 
the claimed invention. Accordingly, the post-filing date references cited by the Examiner cannot 
be used to reject to the instant claims for lack of enablement because the claimed invention is not 
disclosed in any of the references cited by the PTO. 

The references being relied on for lack of enablement are as follows (publication year in 
parentheses): 

1) Legge (1998) (EXHIBIT D), entered in the record in Non-Final Office 
Action mailed August 24, 2007; 

2) Marketletter (1999) (EXHIBIT E), entered in the record in Non-Final 
Office Action mailed August 24, 2007; 

3) Dong (1999) (EXHIBIT F), entered in the record in Non-Final Office 
Action mailed August 24, 2007; 

4) Pozzilli (2000) (EXHIBIT G), entered in the record in Non-Final Office 
Action mailed April 15, 2010; 

5) Goodnow (2001) (EXHIBIT H), entered in the record in Non-Final Office 
Action mailed April 15, 2010; 

6) WO 02/053092 ( July 2002) (EXHIBIT I), entered in the record in Non- 
Final Office Action mailed April 15, 2010; 

7) Skyler ( 2005 ) (EXHIBIT J), entered in the record in Non-Final Office 
Action mailed April 15, 2010; 
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8) Kraus and Mayer ( 2005) (EXHIBIT K), entered in the record in Non-Final 
Office Action mailed April 15, 2010; 

9) Leslie ( 2010 ) (EXHIBIT L), entered in the record in Non-Final Office 
Action mailed April 15, 2010; 

10) Bell ( 2008 ) (EXHIBIT M), entered in the record in Non-Final Office 
Action mailed April 15, 2010;; 

11) von Herrath and Nepom (2009 ) (EXHIBIT N), entered in the record in 
Non-Final Office Action mailed April 15, 2010; and 

12) Van der Worp ( 2010 ) (EXHIBIT O), entered in the record in Non-Final 
Office Action mailed April 1 5, 2010. 

Each of references 6-12 were published after the priority date of the present application 
and are impermissibly being relied on for what one skilled in the art would have known on or 
before the effective filing date of the patent application. Moreover, none of references 6-12 
discloses the claimed invention and thus do not fall within the narrow exception set forth in 
Hogan. As such, these references should not be used in an enablement rejection. 

For at least the foregoing reasons, no prima facie case of lack of enablement has been 
established. Reversal of this rejection is therefore respectfully requested. 

ii. Pre-filing date references do not establish a prima facie case of lack of 
enablement. 

As has been extensively discussed in the record, none of the pre-filing date references 
establish a prima facie case of lack of enablement. It is settled law that a specification disclosure 
which contains a teaching of the manner and process of making and using the invention in terms 
which correspond in scope to those used in describing and defining the subject matter sought to 
be patented must be taken as in compliance with the enablement requirement of the first 
paragraph of § 112 unless there is reason to doubt the objective truth of the statements contained 
therein. MPEP 2164.04 citing In re Marzocchi, 58 C.C.P.A. 1069, 439 F.2d 220, 223, 169 
U.S.P.Q. (BNA) 367, 369 (CCPA 1971). Thus, the PTO has the initial burden of challenging a 
presumptively correct assertion of enablement in the disclosure. Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
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does the burden shift to the applicant to provide rebuttal evidence sufficient to convince such a 
person of the invention's asserted utility. See In re Bundy, 642 F.2d 430, 433, 209 U.S.P.Q. 
(BNA)48, 51 (CCPA 1981). 

The PTO has not provided any credible evidence showing that one of ordinary skill in the 
art would reasonably doubt the asserted utility of the claimed invention and has therefore not 
met its initial burden. Each of the pre-filing date references are addressed below: 

- Marketletter; and Pozzilli 

The Examiner alleges that practice of the instant claims would require undue 
experimentation because attempts to induce immune tolerance in humans have been unsuccessful 
as supported by Marketletter (EXHIBIT E) and Pozzilli (EXHIBIT G) which allegedly disclose 
failed experiments involving the use of peptides to induce immune tolerance. However, 
Appellants reiterate that Marketletter and Pozzilli simply do not disclose the administration of a 
fusion protein construct, let alone a fusion protein construct comprising GAD2 to as presently 
claimed. Specifically, Marketletter is a review of free peptides in multiple sclerosis and 
rheumatoid arthritis and Pozzilli evaluated insulin administration in diabetes. These references 
provide no evidence that a person of ordinary skill in the art at the time of filing of the instant 
application would have reasonably doubted the asserted utility of the presently claimed 
invention. 

- Dong; Legge; and Goodnow 

Additionally, the Examiner alleges that practice of the instant claims would require undue 
experimentation because Dong, (EXHIBIT F), Legge (EXHIBIT D) and Goodnow (EXHIBIT H) 
disclose that immune tolerance is not predictable. Again, none of Dong, Legge or Goodnow 
contain anything to call in to question the use of a fusion protein comprising GAD2 (in the 
presently claimed construct) for preventing or delaying type 1 diabetes in a subject as claimed. 
Dong is merely a general review of tissue graft transplant tolerance (unrelated to treatment of 
any autoimmune disorder let alone type 1 diabetes) and also contains nothing to call in to 
question use of a fusion protein construct as claimed for preventing or delaying type 1 diabetes in 
a subject that has undergone insulin autoantibody seroconversion. Additionally, Legge discloses 
the use of Ig constructs comprising PLP-LR (a protein implicated in MS). Moreover, Goodnow 
is a general review article about pathways for self-tolerance in auto-immune disorders. Again, 
none of these reference contain anything to call in to question the use of a fusion protein 
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comprising the GAD2 peptide (in the presently claimed construct) for preventing or delaying the 
onset of type 1 diabetes. 

At most, the references properly relied on by the Examiner are only tangentially related 
to the presently claimed invention and/or simply do not cast any doubt, let alone any reasonable 
doubt, on the presently clamed invention. This is simply not enough to establish a prima facie 
case of lack of enablement. Withdrawal of the rejection is respectfully requested. 

B. The Application Clearly Teaches How to Make and Use the Claimed 
Invention as is Required for Enablement. 

Again, the enablement requirement consists of two prongs: first, the application must 
describe how to make the invention; second, the application must describe how to use the 
invention. 35 U.S.C., paragraph 1 . The instant application clearly meets both prongs. 

The instant claimed method is directed to preventing or delaying onset of Type 1 diabetes 
in a subject by, inter alia, administering to the subject a pharmaceutical^ acceptable 
composition comprising a soluble fusion protein comprising at least one immunoglobulin having 
at least one variable region and at least one peptide inserted within the at least one variable 
region, wherein the at least one peptide is GAD2 represented by SEQ ID NO: 4. The application 
contains everything need for the person of ordinary skill in the art to make and use the claimed 
invention. 

Specifically, guidance as to how to make the claimed constructs is provided in the 
specification at pages 45, line 13 - page 47, line 3. General dosing guidance is provided in the 
specification at page 34, line 21- page 37, line 17. Guidance for determining whether 
administration of a claimed fusion protein effectively prevented or delayed diabetes in humans or 
mice is provided in the specification at page 42, line 3 - page 42, line 7 and page 45, lines 5-11. 
Guidance for determining if a subject has undergone insulin autoantibody seroconversion is 
provided in the specification at page 55, line 15 - page 56, line 24. 

C. Even assuming, arguendo, that a prima facie case exists, Appellants 
previously rebutted it. 

To further demonstrate that Appellants' claimed invention was enabled at the time of 
filing, Appellants previously submitted a declaration under 37 CFR 1.312 showing that the 
claimed method effectively prevents and/or delays the onset of Type 1 diabetes in the gold 
standard NOD mouse model for that disease. ("Zaghouani Declaration I") (EXHIBIT P). As has 
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been clearly established in the record, the NOD mouse model used in the experiment described 
in the Zaghouani Declaration is considered the gold standard animal model for Type 1 diabetes, 
regardless of whether some unrelated agent in the past has shown efficacy in that model that did 
not translate to humans. The pharmaceutical industry is replete with molecules that showed 
efficacy in gold standard models that failed to achieve FDA approval — this does not render later, 
different candidate molecules unpatentable for lack of enablement. 

It was clear error to reject the instant claims under 35 U.S.C. § 1 12, first paragraph on the 
alleged basis that successful results in the gold standard animal model for Type 1 diabetes do not 
necessarily translate to humans or other species. Appellants have taught the public that the 
claimed soluble IgGAD2 construct can prevent or delay onset of Type 1 diabetes in a standard 
experimental animal and have thus made a significant and useful contribution to the art, even 
though it could eventually be determined that the compound is without value in the treatment of 
humans. These data demonstrate that the claimed invention was enabled when filed. MPEP 
2164.05 and In re Br ana, 51 F.3d 1560 (Fed. Cir. 1995). 

i. Treatment of humans is not required. 

The Examiner further takes the position that while tolerance-inducing peptide 
immunotherapy is well known in the immunological arts and has shown significant results in in- 
bred small animal models - the results have not been repeated in human trials. EXHIBIT A at 
page 2. The Examiner attempts to support this conclusion by citing to instances in which 
treatment (albeit again with fundamentally different types of therapeutic agents and in different 
diseases than Type 1 diabetes as discussed above) succeeded in animals but failed in humans — 
for example Marketletter. That position— also rejected by the Federal Circuit in Brana— is clear 
legal error. 

In Brana, the PTO argued in the context of a 112, first paragraph rejection that in vivo 

test results in animals are not reasonably predictive of the success of the claimed compounds for 

treating cancer in humans. Id at 20. In response, the Federal Circuit stated: 

The Commissioner, as did the Board, confuses the requirements under the law for 
obtaining a patent with the requirements for obtaining government approval to 
market a particular drug for human consumption... proof of an alleged 
pharmaceutical property for a compound by statistically significant tests with 
standard experimental animals is sufficient to establish utility. In re Krimmel, 48 
C.C.P.A. 1116, 292 F.2d 948, 953. ..In concluding that similar in vivo tests were 
adequate proof of utility the court in In re Krimmel stated: We hold as we do 
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because it is our firm conviction that one who has taught the public that a 
compound exhibits some desirable pharmaceutical property in a standard 
experimental animal has made a significant and useful contribution to the 
art, even though it may eventually appear that the compound is without 
value in the treatment of humans. Id. At 22. (emphasis added) 

Again, the NOD mouse model used in the experiment described in the Zaghouani 
Declaration I (See, EXHIBIT P) is considered the gold standard animal model for Type 1 
diabetes. It was clear error to reject the instant claims under 35 U.S.C. § 112, first paragraph on 
the alleged basis that successful results in the gold standard animal model for Type 1 diabetes do 
not necessarily translate to humans or other species. Appellants have taught the public that the 
claimed soluble IgGAD2 construct can prevent or delay onset of Type 1 diabetes in a standard 
experimental animal and have thus made a significant and useful contribution to the art, even 
though it could eventually be determined that the compound is without value in the treatment of 
humans. 

For at least the foregoing reasons, no prima facie case of lack of enablement has been 
established. Even if a prima facie case of lack of enablement is deemed to have been 
established, which is not admitted, Appellants have rebutted it. Reversal of this rejection is 
therefore respectfully requested. 

2. REJECTION UNDER THE JUDICIALLY CREATED DOCTRINE OF 
OBVIOUSNESS TYPE DOUBLE PATENTING OVER CLAIMS 1-7 AND 13-16 
OF U.S. 11/290,070 SHOULD BE WITHDRAWN. 

Appellants respectfully note that 37 CFR § 41.37 does not require that "all pending 
rejections" be addressed. Rather, 37 CFR § 41.37 specifies that the appeal brief shall provide a 
concise statement of "each ground of rejection presented for review." Appellants submit that the 
instant double patenting rejection is a provisional rejection only. As is made clear by MPEP 
804.2, if a provisional obviousness-type double patenting rejection between two pending 
applications is the only rejection remaining in the earlier filed of the two applications, the 
Examiner should withdraw the rejection in the earlier filed application and permit that 
application to issue as a patent without a terminal disclaimer. The instant application was filed 
prior to U.S. 11/290,070. Therefore, assuming Appellants have overcome all other outstanding 
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rejections in this application, the instant provisional rejection should be withdrawn as a matter of 
course and the instant application allowed to issue. 

3. REJECTION UNDER THE JUDICIALLY CREATED DOCTRINE OF 
OBVIOUSNESS TYPE DOUBLE PATENTING OVER CLAIMS 1-7 AND 13-16 
OF U.S. U.S. 11/425.084 SHOULD BE WITHDRAWN. 

Appellants note that 37 CFR § 41.37 does not require that "all pending rejections" be 
addressed. Rather, 37 CFR § 41.37 specifies that the appeal brief shall provide a concise 
statement of "each ground of rejection presented for review." Appellants submit that the instant 
double patenting rejection is a provisional rejection only. As is made clear by MPEP 804.2, if a 
provisional obviousness-type double patenting rejection between two pending applications is the 
only rejection remaining in the earlier filed of the two applications, the Examiner should 
withdraw the rejection in the earlier filed application and permit that application to issue as a 
patent without a terminal disclaimer. The instant application was filed prior to U.S. 1 1/425,084. 
Therefore, assuming Appellants have overcome all other outstanding rejections in this 
application, the instant provisional rejection should be withdrawn as a matter of course and the 
instant application allowed to issue. 

4. REJECTION UNDER 35 U.S.C. $112, FIRST PARAGRAPH AS FAILING TO 
COMPLY WITH THE WRITTEN DESCRIPTION REQUIREMENT SHOULD 
BE REVERSED BECAUSE THE EXAMINER FAILED TO ESTABLISH A 
PRIMA FACIE CASE. 

Claims 1-5, 7, 13, 15-19, 22-24 and 26-30 stand rejected under 25 U.S.C. § 112, first 
paragraph as failing to comply with the written description requirement. In order to establish a 
prima facie case of lack of written description, the Examiner must show that the application as 
filed does not reasonably describe or convey to one of ordinary skill in the art, at the time of 
filing the application, that the inventor had possession of the claimed invention. MPEP § 
2163.03. As stated by the Board, "the examiner has the initial burden of presenting evidence or 
reasons why persons skilled in the art would not recognize in [the] specification disclosure a 
description of the invention defined by the claims. Ex parte Sorenson, 3 U.S.P.Q.2d 1462 (BPAI 
1987). "It is not necessary that the application describe the claim limitations exactly,... but only 
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so clearly that persons of ordinary skill in the art will recognize from the disclosure that 
appellants invented processes including those limitations." In re Wertheim, 541 F.2d 257 (CCPA 
1 976). Adequate description under the first paragraph of 35 U.S.C. § 1 12 does not require literal 
support for the claimed invention... Rather, it is sufficient if the originally-filed disclosure would 
have conveyed to one having ordinary skill in the art that an applicant had possession of the 
concept of what was claimed. Ex parte Parks, 30 U.S.P.Q.2d 1234 (BPAI 1994). 

In the Final Office Action mailed July 29, 2011 (EXHIBIT A), the Examiner states that 
the specification and originally filed claims do not provide support for the invention as now 
claimed, specifically: (A) a method comprising administration of an immunoglobulin construct 
comprising a protein represented by SEQ ID NO: 4 (claims 1 and 13). As will be discussed in 
detail below, no prima facie case of lack of written description has been established and this 
rejection should be reversed. 

Claims 1 and 13 each claim a method of preventing or delaying onset of Type 1 diabetes 
comprising, inter alia, administering to a subject a soluble fusion protein comprising at least one 
immunoglobulin having at least one protein fragment or peptide inserted in the variable region, 
wherein the protein fragment or peptide is (claim 1), or consists essentially of (claim 13), GAD2 
represented by SEQ ID NO: 4. 

Appellants point out that the specification as filed contains multiple descriptions of an 
immunoglobulin construct comprising GAD2/SEQ ID NO: 4 for preventing or delaying onset of 
Type 1 diabetes. For example and without limitation the instant specification provides: 

• "The present invention is directed to methods, compounds, compositions, 
combinations, and kits for treating, preventing, suppressing or delaying the onset, 
or reducing the risk of developing type 1 diabetes, or the symptoms associated 
with, or related to, type 1 diabetes, in a subject in need thereof. In one aspect, the 
present invention is directed to compounds, compositions, kits, and methods for 
endocytic presentation of an immunosuppressive factor for the down regulation of 
diabetogenic T cells for the treatment or prevention of type 1 diabetes. In yet 
another embodiment of the present invention, methods, kits, combinations, and 
compositions containing at least one immunoglobulin, for example, INS, GAD, an 
insulin protein, a peptide derived from insulin, a diabetogenic epitope, or a T cell 
receptor engaging determinant, are provided to treat, prevent, suppress, or delay 
the onset of type 1 diabetes after expression of an IAA predisposition marker." 
Page 4, lines 11-21. 

• "1) A method for the treatment of type 1 diabetes in a patient during the pre- 
insulitis stage of diabetes by administration of a composition comprising an 
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immunoglobulin or portion thereof linked to a peptide wherein the 
immunoglobulin or portion thereof is aggregated." Page 6, lines 13-15. "21) The 
method of paragraph 1 wherein the peptide is selected from the group consisting 
of GAD 1 and GAD2." Page 8, lines 7-8. 

• "The present invention is also directed to a methods, kits, combinations, and 
compositions, comprising: a pharmaceutically-effective amount of an 
immunoglobulin, or portion thereof, linked to a protein fragment or peptide, 
wherein the immunoglobulin, or portion thereof, can bind to an Fc receptor. 
Illustratively, the peptide comprises INS/?, GAD 1, or GAD2." Page 19, lines 1-5. 

• "In yet another embodiment of the present invention, the immunoglobulin 
comprises Ig- INS/3, Ig-GADl, Ig-GAD2, or an immunoglobulin, or a portion 
thereof, linked to a peptide, for example a peptide derived from GAD65 or an 
insulin protein." Page 22, lines 3-5. 

• "In yet another embodiment of the present invention, the composition comprises 
IglNS (peptides derived from human insulin), IgGAD (peptides derived from 
GAD), IgINS/3, IgGAD 1 and IgGAD2." Page 23, lines 2-4. 

• "In one embodiment of the present invention, the composition comprises Ig-INS/?, 
Ig-GADl, IgGAD2 or an immunoglobulin or a portion thereof linked to a peptide 
derived from GAD65." Page 24, lines 6-8. 

• "In one embodiment of the present invention, a composition is provided 
comprising an immunoglobulin or portion thereof linked to a protein fragment or 
peptide wherein the immunoglobulin or portion thereof is capable of binding to an 
Fc receptor, the peptide being selected from the group consisting of peptides 
derived from INS and GAD and more specifically INS/?, GAD 1 and GAD2, the 
composition having the property of being endocytosed by cells bearing the Fc 
receptor and processed and presented by the cells to present the peptide to 
endogenous MHC Class II molecules, thereby substantially reducing or 
preventing activation of diabetogenic T cells specific for the peptide." Page 24, 
lines 14-21. 

• "Other peptides that may be inserted within the variable region within the CDR 
region of an Ig and utilized for creating compositions for the treatment of type 1 
diabetes as taught in the present invention are: GAD1 (Glutamic acid 
decarboxylase-65 also known as 'GAD65'); corresponding to amino acid residues 
524-543 of GAD 65 (Seq. I.D. No. 3 [SRLSKVAPVIKARMMEYGT]) to create 
chimera Ig-GADl; and 2) GAD2; corresponding to amino acid residues 206-220 
of GAD 65 (Seq. I.D. No. 4 [ T YEIAP VF VLLE Y VT] ) ; and other peptides derived 
from GAD65." Page 45, line 20, to page 46, line 2 (bracketed text appears in 
original). 
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In view of the above excerpts from the instant specification, Appellants note that the 
specification as filed clearly provides written support for a method of preventing or delaying 
onset of Type 1 diabetes comprising administration of an immunoglobulin construct comprising 
a protein represented by SEQ ID NO: 4. 

Because the originally filed disclosure would have conveyed to one having ordinary skill 
in the art that the Appellants had possession of the concept of what is being claimed, the instant 
written description rejection should be reversed. 

5. REJECTION UNDER 35 U.S.C. §103(A) SHOULD BE REVERSED BECAUSE 
THE EXAMINER HAS FAILED TO ESTABLISH A PRIMA FACIE CASE OF 
OBVIOUSNESS. 

Claims 1, 2, 4, 5, 7, 13, 15-19, 22-24, 26 and 28-30 stand rejected under 35 U.S.C. § 
103(a) as being unpatentable over WO 98/30706 (EXHIBIT B) in view of Chao et al. (1999) 
PNAS 96:9299-9304 ("C/iao") (EXHIBIT C). As will be discussed in detail below, no prima 
facie case of obviousness has been established. 

To establish a prima facie case of obviousness under 35 U.S.C. § 103, the Office must 
articulate a reason or rationale that would have prompted a person of ordinary skill in the 
relevant field to combine the elements in the way the claimed new invention does. See, e.g., 
KSR 550 U.S. 398 (2007); Omegaflex, Inc. v. Parker-Hannifin Corp., 243 Fed. App'x. 592, 595- 
596 (Fed. Cir. 2007) citing KSR. Further, the Supreme Court in KSR also stated that that "a court 
must ask whether the improvement is more than the predictable use of prior art elements 
according to their established functions." KSR at 1740; emphasis added. 

Where the rationale used by the PTO to reject claims as obvious is based on some alleged 
teaching, suggestion, or motivation in the prior art that would have led one of ordinary skilled in 
the art to modify the prior art reference or to combine prior art reference teachings to arrive at the 
claimed invention, the PTO must articulate the following: 

(1) a finding that there was some teaching suggestion or motivation, either in the 
references themselves or in the knowledge generally available to one of ordinary skill in the art, 
to modify the reference or to combine reference teachings; 

(2) a finding that there was a reasonable expectation of success; and 
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(3) whatever additional findings based on the Graham factual inquiries may be necessary 
in view of the facts to explain a conclusion of obviousness. See MPEP 2143(G). 

According to the Final Office Action mailed July 29, 2011 (See, EXHIBIT A), WO 
98/30706 (EXHIBIT B) teaches the treatment of autoimmune disorders employing a humanized 
IgG2b chimeric protein wherein an autoantigen peptide is inserted into the D segment of a CDR3 
loop. EXHIBIT C at page 9. WO 98/30706 is silent as to GAD65, GAD1 and GAD2. Chao, on 
the other hand, is cited for its disclosure that the GAD65 peptide of SEQ ID NO: 4 is an 
immunodominant T-cell diabetes antigen in a NOD mouse model. EXHIBIT C at page 9300. 
The Examiner therefore concludes that it would have been obvious to insert the full length 
GAD65 protein of Chao into a construct of WO 98/30706 and that such a person would have had 
a reasonable expectation of preventing or delaying the onset of Type 1 diabetes at the priority 
date of the instant application. As such, the instant obviousness rejection is based on a 
"teaching, suggestion, or motivation" rationale — so the PTO's argument goes, since GAD65 was 
a known Type 1 diabetes autoantigen at the time of filing, one of skill in the art would have been 
motivated to insert it into the construct of WO 98/30706 and would have had a reasonable 
expectation of preventing or delaying the onset of Type 1 diabetes. 

A. No reasonable expectation of success. 

Even if one of ordinary skill in the art would have had some reason combine the construct 
of WO 98/30706 (EXHIBIT B) with the GAD65 peptide (SEQ ID NO: 4) of Chao (EXHIBIT C) 
to prevent or delay the onset of type 1 diabetes, which is not admitted, such a person would not 
have had a reasonable expectation of success in preventing or delaying the onset of type 1 
diabetes, particularly in a subject that had undergone insulin autoantibody seroconversion. 

The Examiner relies on WO 98/30706 (EXHIBIT B) which discloses a fusion protein 
having the proteolipid protein (PLP) autoantigen inserted into the D segment of a CDR3 loop. 
EXHIBIT A at page 10. PLP is an autoantigen associated with multiple sclerosis. Appellants 
respectfully submit that the multiple sclerosis test model used in WO 98/30706 (experimental 
allergic encephalomyelitis) is far different from the type 1 diabetes NOD mouse model used in 
examples within the instant application such that any success or failure shown in WO 98/30706 
would not be at all predictive of success or failure of an Ig-GAD2 fusion protein in prevention or 
delay of type 1 diabetes as presently claimed. 



21 



Appl. No.: 10/681,788 



Specifically, the relevant examples in WO 98/30706 (e.g. Examples I and XI) involve 
induction of an immune response with a known pathogenic peptide (PLP1) followed by 
treatment of the induced immune response with a slightly altered version of the very same 
peptide (PLP-LR) introduced in the form of a chimeric antibody immunomodulating agent. 
PLP-LR is an analog of PLP1 in which Trpl44 and Hisl47 are replaced with Leu and Arg, 
respectively. Therefore, in Examples I and XI of WO 98/30706, a disease state is induced with a 
known pathogenic peptide and then treated with a slightly altered non-pathogenic version of the 
very same peptide. 

In stark contrast to those examples, the onset of type 1 diabetes in the NOD mouse model 
is a spontaneous event not triggered by administration of a known peptide antigen. Because no 
inducer peptide is known or administered, it was completely unpredictable at the time the present 
invention was made which peptide antigen, if any, when incorporated into compositions 
disclosed in the instant application, would have any impact on type 1 diabetes, let alone delay or 
prevent that disease state. This is very different from the situation in WO 98/30706 in which the 
disease inducing peptide was known at the outset, and treatment was provided with a slight 
variation of the very same inducer peptide. In view of these significant differences and the 
highly unpredictable area of art of the presently claimed invention, a person of ordinary skill in 
the art at the time the present invention was made would not have had a reasonable expectation 
of success in delaying or preventing type 1 diabetes according to the presently claimed methods. 
Appellants respectfully submit that the outcome of the presently claimed methods was highly 
unpredictable at the time the present invention was made. 

Furthermore, one of ordinary skill in the art at the time the present invention was made 
would not have had a reasonable expectation that the GAD65 peptide of Chao (SEQ ID NO: 4), 
selected from the numerous type 1 diabetes autoantigen peptides and protein fragments known or 
suspected at the time, would prevent or inhibit diabetes as presently claimed. There is no 
articulated rationale in the record for selection of any particular diabetogenic peptide or protein 
fragment, nor any indication why a person of ordinary skill in the art would have had a 
reasonable expectation of delaying or preventing type 1 diabetes in an IAA positive subject with 
any such peptide or protein fragment. 

For at least the foregoing reasons, a person of ordinary skill in the art would not have had 
a reasonable expectation of success of preventing or delaying the onset of diabetes according to 
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the presently claimed methods. Withdrawal of the instant rejection is therefore respectfully 
requested. 

B. Unexpected results. 

It is well settled that "[o]ne way for a patent applicant to rebut a prima facie case of 
obviousness is to make a showing of 'unexpected results,' i.e., to show that the claimed 
invention exhibits some superior property or advantage that a person of ordinary skill in the 
relevant art would have found surprising or unexpected." In re Soni, 54 F.3d 746, 750 (Fed. Cir. 
1995). Additionally, as was articulated in In re Soni, "when an applicant demonstrates 
substantially improved results., .and states that the results were unexpected, this should suffice to 
establish unexpected results in the absence of evidence to the contrary. 54 F.3d 746 at 751 (Fed. 
Cir. 1995). 

As is discussed in detail below, the presently claimed soluble Ig-GAD2 composition 
provides unexpected results in that it has the ability to rescue residual and form new insulin- 
producing p cells. Appellants point to an article co-authored by inventors Zaghouani and Gregg 
(Jain et al, Innocuous IFNy induced by adjuvant-free antigen restores normoglycemia in NOD 
mice through inhibition of IL-17 production, JEM Vol. 205, No. 1 (2008); hereinafter "Jain") 
(EXHIBIT Q) and declaration under 37 CFR 1.312 ("Zaghouani Declaration II") (EXHIBIT R), 
both previously made of record in Appellants' response dated May 20, 2011, setting forth 
unexpected properties of the soluble Ig-GAD2 construct. 

Appellants respectfully direct the Board's attention to page 209 of EXHIBIT Q (section 
titled "Treatment with Ig-GAD2 increases the number of healthy pancreatic islets"). It will be 
noted that animals treated with the soluble Ig-GAD2 construct had significantly greater number 
of total islets than the hyperglycemic or diabetic mice (P = 0.0001). EXHIBIT Q, Figures 3B and 
3 C. The number of insulin-positive islets also increased from 14 per pancreas at the prediabetic 
(hyperglycemic) stage to 29 per pancreas upon treatment with Ig-GAD2. Also, the 15-week 
treatment group had a higher number of islets with periinsulits (38% vs. 30%) or no insulitis 
(35% vs. 17%) relative to the hyperglycemic stage. EXHIBIT Q, Fig 3C. Overall, the treatment 
with Ig-GAD2 led to a significant increase in the number of non-inflamed (healthy) islets. 

Moreover, as set forth starting at column 2, page 210 of Jain (EXHIBIT Q), an 
experiment was conducted to determine whether the increased number of healthy islets in the 
treated animals was caused by regression of cell infiltration and/or formation of new p cells. To 



23 



Appl. No.: 10/681,788 



address this question, treated mice were injected with 100 mg/kg of the proliferation indicator 
BrdU and pancreas sections were double stained with anti-insulin and BrdU antibodies and 
analyzed for BrdU incorporation and insulin production. Because the relevant figures in Jain for 
this experiment include colored arrows, Appellants attach herewith for the Board's convenience 
annotated versions of these figures with labels indicating colors of the arrows (EXHIBIT S). 
Blue arrows indicated BrdL^ cells, green arrows indicate insulin" cells, and red arrows indicated 
BrdU + /Insulin + cells. 

Appellants point out that BrdU staining was visible in the highly proliferative luminal 
intestinal cells used as a control, but these had no staining with anti-insulin antibody. EXHIBIT 
S, Fig. 4A, blue arrow. Islets of nondiabetic 5-wk old mice were positive for insulin, but did not 
incorporate BrdU, suggesting that these insulin-producing p cells were not dividing. EXHIBIT 
S, Fig. 4B, green arrow. Thus, under normal circumstances, insulin production emanates from 
existing p cells whose nuclei do not incorporate BrdU, giving a minimal number of BrdU/insulin 
double positive p cells (BrdU + /insulin + ). The hyperglycemic mice showed very few insulin- 
producing p cells and no BrdU incorporation (EXHIBIT S, Fig. 4 C, green arrow), resulting in an 
insignificant number of BrdU + /insulin + ) p cells (EXHIBIT S, Fig. 4 E). In contrast, as shown in 
Fig. 4 D (See, EXHIBIT S), islets from the 25-wk treatment group showed insulin + p cells that 
were either BrdU- (green arrows; residual p cells) or BrdU* (red arrows; newly formed p cells). 
The number of insulin-producing dividing p cells was significantly (P = 0.0001 for treated group 
compared to hyperglycemic group) increased in all 10 mice in which treatment restored 
normoglycemia. EXHIBIT S, Fig. 4 E. Error bars indicated the standard deviation of 10 
pacreata. 

Overall, Appellants submit that these results indicate that treatment with soluble Ig- 
GAD2 reduces cell infiltration, leading to rescue of residual and formation of new insulin 
producing p cells. Thus, even if the Examiner has demonstrated a prima facie case of 
obviousness, which Appellants do not admit, the unexpected results obtained with soluble Ig- 
GAD2 would overcome such a rejection of the instant claims. Accordingly, withdrawal of the 
instant rejection is respectfully requested. 

C. Each and every claim limitation not disclosed in the prior art. 

Claim 1 and all claims depending there from specify that "the subject has undergone 
insulin autoantibody seroconversion prior to the administering step." This limitation is simply 



24 



Appl. No.: 10/681,788 



not disclosed in the prior art of record. Because the prior art when combined does not teach each 
and every limitation of the instantly claimed invention, the asserted prima facie case of 
obviousness fails. 

For at least the foregoing reasons, no prima facie case of obviousness has been 
established and reversal of the instant obviousness rejection is respectfully requested. 
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VIII. CONCLUSION 



Appellants respectfully submit that the Examiner has failed to: (1) establish a prima facie 
case of lack of enablement or alternatively any such prima facie case has been rebutted; (2) 
establish a prima facie case of lack of written description; and (3) establish a prima facie case of 
obviousness. Accordingly, Appellants respectfully submit that these rejections are erroneous in 
law and in fact and should therefore be reversed by this Board. 

The Director is authorized to charge any fees that may be required, or to credit any 
overpayment to Deposit Account No. 02-1818. If such a withdrawal is made, please indicate the 
Attorney Docket No. 3718027.00005 on the account statement. 



Respectfully submitted, 




David B. Fournier 
Reg. No. 51,696 
Customer No. 24573 
Phone No. 312-781-7167 



Dated: January 30, 2012 



26 



CLAIMS APPENDIX 

PENDING CLAIMS ON APPEAL OF 
U.S. PATENT APPLICATION SERIAL NO. 10/681,788 

1 . A method of preventing or delaying onset of Type 1 diabetes in a subject in need thereof, 
the method comprising administering to the subject a pharmaceutically acceptable 
composition comprising a soluble fusion protein, wherein the fusion protein comprises at 
least one immunoglobulin having a variable region comprising a CDR1, a CDR2, or a 
CDR3 region, the at least one immunoglobulin having at least one protein fragment or 
peptide inserted within the variable region; wherein (a) the protein fragment or peptide is 
GAD2 represented by SEQ. ID NO 4, (b) the subject has undergone insulin autoantibody 
seroconversion prior to said administering step and (c) the composition is administered to 
the subject in one or more dosage administrations. 

2. The method of claim 1, wherein the immunoglobulin is human or humanized. 

3 . The method of claim 1 , wherein the subject is a human subject. 

4. The method of claim 1, wherein administration of the composition to the subject results 
in down regulation of an autoreactive T cell. 

5. The method of claim 1, wherein the at least one protein fragment or peptide is inserted 
within a CDR region of the at least one immunoglobulin. 

7. The method of claim 5, wherein administration of the composition to the subject results 
in substantially reduced activation of an autoreactive T cell specific for the at least one 
protein fragment or peptide. 

8. The method of claim 1, wherein the at least one protein fragment or peptide is derived 
from INS. 

9. The method of claim 8, wherein the INS comprises soluble INSB. 

10. The method of claim 9, wherein the soluble INSB is capable of binding to at least one Fc 
receptor. 
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1 1 . The method of claim 1 0, wherein the Fc receptor is a Fey receptor. 

12. The method of claim 10, wherein the composition is capable of being endocytosed by 
antigen presenting cells. 

13. The method of claim 1, wherein the at least one protein fragment or peptide consists 
essentially of GAD2 represented by SEQ. ID NO 4. 

15. The method of claim 13, wherein the subject is GAD positive. 

1 6. The method of claim 1 , wherein the subject has not developed hyperglycemia at initiation 
of the administering step. 

17. The method of claim 1, wherein the subject expresses a Type 1 diabetes predisposition 
marker at initiation of the administering step. 

18. The method of claim 1, wherein upon administration of the composition to the subject, 
the subject undergoes a dose dependent suspension, prevention, or delay in onset of 
Type 1 diabetes. 

19. The method of claim 1, wherein administration of a first dosage of the composition 
occurs before the subject has developed type-1 diabetes. 

20. A composition for suppressing the onset of Type 1 diabetes in a subject that has 
undergone IAA seroconversion, the composition comprises: a_pharmaceutically 
acceptable composition comprising at least one immunoglobulin selected from the group 
consisting of INS, GAD, an insulin protein, a peptide derived from insulin, a 
diabetogenic epitope, and a T cell receptor engaging determinant. 

2 1 . The method of claim 20 wherein the fusion protein is in soluble form. 

22. The method of claim 2 wherein the immunoglobulin is selected from the group consisting 
of IgGl, IgG2, IgG2a, IgG2b, IgG3, IgG4, IgGA, IgAl, IgA2, IgGE, IgD, IgE, or IgM. 

23. The method of claim 5 wherein the at least one protein fragment or peptide is inserted 
within the CDR3 region of the immunoglobulin. 

- ii - 
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24. The method of claim 23 wherein the at least one protein fragment or peptide is inserted 
within the CDR3 region of the immunoglobulin in place of a D segment. 

25. The method of claim 13 wherein the at least one protein fragment or peptide consists of 
amino acid residues 524-543 of GAD65. 

26. The method of claim 13 wherein the at least one protein fragment or peptide consists of 
amino acid residues 206-220 of GAD65. 

27. The method of claim 13 wherein the subject is a human. 

28. The method of claim 1 wherein the pharmaceutical composition further comprises at least 
one pharmaceutically acceptable carrier. 

29. The method of claim 28 wherein the composition comprises an aqueous solution or 
suspension. 

30. The method of claim 29 where the administering step is accomplished by injection or 
infusion. 
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RELATED PROCEEDINGS APPENDIX 
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DETAILED ACTION 

1. Applicant's remarks and 1.132 declaration of Inventor 
Zaghouani filed 5/20/11 are acknowledged. 

2. Claims 8-12, 20, 21, and 25 stand withdrawn from further 
consideration by the examiner, 37 CFR 1.142(h), as being drawn 
to non-elected inventions. 

Claims 1-5, 7, 13, 15-19, 22-24, and 26-30 are under 
examination . 

3. The following is a quotation of the first paragraph of 35 
U.S.C. 112: 

The specification shall contain a written description of the invention, and 
of the manner and process of making and using it, in such full, clear, 
concise, and exact terms as to enable any person skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and 
use the same and shall set forth the best mode contemplated by the inventor 
of carrying out his invention. 

4. Claims 1-5, 7, 13, 15-19, 22-24, and 26-30 stand rejected 
under 35 U.S.C. 112, first paragraph, as containing subject 
matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or 
with which it is most nearly connected, to make and/or use the 
invention. Specifically, the specification provides 
insufficient evidence that the claimed method could, effectively 
function as a method for preventing or delaying the onset of 
type I diabetes ( ID DM) in humans. 

As Set forth previously, While the mechanism of action for the method 
of the instant claims is not disclosed, it appears to in ring t =rance 

to a GAD peptide. Tolerance-inducing peptide immunotherapy is well known in the 
immunological arts. In some cases significant results have been demonstrated in 
in-bred small animal models. However, said results have not been repeated in 
human trials. See for example, Marketletter {9/13/99) which teaches the complete 
failure in human trials of two peptides designed for tolerance induction. Both 
My lor a 1 (for multiple sclerosis, MS) and Colloral (for rheumatoid arthritis, RA) 
provided successful results in rodent models (EAE and collagen induced arthritis, 
respectively) . See also Leslie (2010) paraphrasing an interview with Dr. Mark 
Davis wherein Dr. Davis states that in the case of the administration of MBP for 
tolerance induction to MBP for the treatment of MS, while the method worked in 
mice, it actually '.ade -1£ rse in some humans. 

More specifically regarding the treatment of diabetes, see Pozzilii et al. 
(2000) wherein the authors demonstrate that, while the induction of tolerance to 
orally administered insulin for the treatment of diabetes might have been 
expected, it simply did not occur. The authors could only speculate as to the 
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- e ns foi It - trial's failure. The authors did note one c i 4 ' < "" tn r 

r i , — r _ r-i'- - -~ hps, and will have to be considered in all future 
work, a large placebo effect wherein both the treated and control subjects showed 
similar temporary improvement . Three years later Skyler et al . {2005} reported 
another failure in one of the largest placebo-controlled tolerance trials ever 
performed in humans (the administration of insulin for the prevention of type 1 
diabetes) . 

As set forth above, the references demonstrate that peptides that work to 
induce immune tolerance in in vivo small animal x "~ r n t te routinely 

expected to work in humans, i.e., they are unpredictable and requiring of undue 
experimentation . 

Other investigators r iis 1 additi * j.^ less - establishing 

human tolerance. See, for example, Dong et al. (1999): 

"Despite the fact that it has been relatively easy to induce true tolerance 
in small experimental animals, translating these studies into larger 
animals and humans has been much more difficult to achieve. Some of the 
hurdles that may explain this dilemma are summarized in Table 3. Even if we 

assays for rejection or tolerance still does not allow as to know if a 
patient is truly tolerant so that immunosuppressive agents may be 
wi thdrawn" , 

emphasis added. 

WO 02/053092 teaches that the oral administration of antigens (a route of 
administration encompassed by the claimed method) for the induction of tolerance 
presents numerous additional "obstacles", including the problem of accurate dosing 
given the necessity of digestion which alters both concentration and structure of 
the antigens. In that work the inventors conclude that: 

"oral and mucosal tolerance cannot be deduced from antigenic activity in 
conventional immunization, or even in vitro results, and must result from 
extensive empirical nxr.er iirer.tation, " 

In another attempt to explain these repeated failures Goodnow (2001) 
states: 

"Obtaining the desired response [tolerance] with these strategies 
[tolerance induction] is unpredictable because many of these signals 
[tolerogenic] have both tolerogenic and immunogenic roles," 

(see the Abstract) . The author goes on to teach that while the induction of oral 
tol .an - might be orsic r.d "an attractive notion", the method has failed in 
humans because of the lack of understanding of the mechanisms involved (page 2120, 



fx -rr*- -x t - IBD) . They reported the = a„- s_~ K . i ' " 1-r - : 

induced in in-bred experimental mice and contrasted that with the difficulty in 
inducing tolerance in humans. Speculating on the reasons for the difference th« 
authors considered a lack of dosing optimization but went on to report that the 
mechanisms of toleranc ldvcti 2 in hjnans and mice appear to be 1 c e- ta-. 
different. Most importantly, Kraus and Mayer report a genetic component wherei: 
many IBD patients and their family members appear to be incapable of becoming 
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tolerant to ora nl Jer.s because they lack the ability to gene h T 

regulator} lis. If confirmed, this would mean that no tolerance induction 
regime could work in these patients. 

Even more recent work has attempted to duplicate favorable results 
established in in-bred animal models in a more complex n i ieJ n - r st 

to the out-bred human population. See, for example, Bell et al. (2008). The 
authors employed F. hybrid mice (a cross between two in-bred strains} wherein they 
asked if toleragens thai forked in the parent strains would induce tolerance in 
the crossed P. hybrid mice. Unfortunately the results showed that in one instance 
not only was tolerance not induced, but disease was actually exacerbated. Thus, 
the work serves as a clear demonstration that the induction of immune tolerance is 
far from y .... - 1- u. a ./thn.g other than carefully chosen in-bred experimental 



Also note that Applicant has referred to the NOD mouse as the "gold 
standard" for diabetes research. Others, however, refer to the MOD mouse as the 
"workhorse" for diabetes research pointing out the model's limitations. See, for 
example von Herrath and Nepom (2009) . And note that not even all NOD mouse 
strains are diabetes susceptible, e.g., NOD H-2* and NOD DQ8 do not develop the 
disease. Also note that it is well-known that tolerance to GAD is not effective 
for the treatment of diabetes in another well-established diabetes model, the BB 
rat. Even more recently many scientists have begun to question the value of mouse 
data altogether. As pointed out by Mark Davis in a recent interview, mice make a 
"lousy model" for the human immune system. He refers to mice as a short-lived 
rodent who's immune system has adapted for scurrying around with its nose in the 
dirt (Leslie, 2010). Also very recently van der Worp et al. (2010) question the 
value of using animal data to predict the effectiveness of treatment strategies in 
human trials. As an example, the authors teach that of about 500 effective 
treatment strategies for stroke in experimental mice, just 2 have proven effective 
in humans. The authors cite numerous possible reasons for the failed translation 
of results, including insufficient statistical power, inadequate animal data, 
overoptimistic conclusions, flawed studies, and the use of animal models that do 
not reflect real disease in humans. Finally the reference teaches that neutral 
and negative animal studies may remain unpublished leading to possibly false 
impressions of efficacy. 

A review of the instant specification shows just a single long example 
wherein a T cell response to a single insulin B chain peptide (amino acids 9-23) 
is inhibited in the experimental HOD mouse model of IDDM. First note that the 
instant claims are drawn to the use of GAD, not insulin, for the suspending, 
preventing or delaying the onset of IDDM. Thus, the specification offers no data 
in support of the claimed method. Interestingly, the specification discloses, 
that even regarding the use of an insulin peptide for the suspending, preventing 

^ -_J - - l n~t £ <r* <- - *" ~ - ^- - ' aS 

claimed, (emphasis added) . For example, at page 28 of the specification, it is 

i-i-1 - _t, 'Sc-Jbi* -7 1' U p-a -ed dose dependent delay of diabetes when 
given at either stage [pre or post IAA conversion] . However, aggregated Ig-IMS|3, 
which induced IL-10 and TGFp -producing T cells, thus involving sustained 
endogenous IL-10, was protective against diabetes when given before development of 
insulitis -but had no effect in predisposed mice positive for IAA" , emphasis added. 
Further, Examples 7 and 9 teach that neither soluble nor aggregated Ig-INSp can 
actually prevent IDDM, but rather can only delay onset under specific conditions. 

Additionally, Applicant's subsequent work demonstrates that the method of 
the instant claims would not be expected to function as claimed. See for example 
L 13- et al. (1998). Therein the authors teach that APLs function as, "T cell 



! ■ ro . ■ ,'. i % < i , ,0/681,788 



Pag! 5 



Ait Unit; 1644 

int ' i si { tia jor 1 s, or super agonists" (page 106) . The authors go on 
to - lat LR sti .^d PLP-i specific T cells (paragraph spanning page 

109 and 110), i.e., the T cells that would be pathogenic in an MS patient. Given 
that no exp ri ent een er formed employing GAI - pride and i ri atives 

thereof, it is just as likely that the method of the instant claims would actually 
exacerbate disease as treat or prevent it. 

A set forth in Rasmusson v. SmithKline Beecham Corp. , 75 USPQ2d 1297, 1302 
(CAFC 2005), enablement cannot be established unless one skilled in the art "would 
accept with t juestion" a>~ Applicant's statements regarding an invention, 
particularly in the absence of evidence regarding the effect of a claimed 
invention. Specifically: 

"As we have explained, we have required a greater measure of proof, and for 
good reason. If mere plausibility were the test for enablement under 

, api a - tain patent jhts to "inventions" 

consisting of little more than respectable guesses as to the likelihood of 
their success. When one of the guesses later proved true, the "inventor" 
would be rewarded the spoils instead of the party who demonstrated that the 
method actually worked. That scenario is not consistent with the statutory 
requirement that the inventor enable an invention rather than merely 
proposing an unproved hypothesis." 

Thus, in view of the quantity of experimentation necessary, the lack of sufficient 
guidance in the specification, the lack of sufficient working examples, i.e., the 
specification discloses no data regarding the treatment or prevention of IDDM 
employing GAD peptides, and the unpredictability of the art, it would take undue 
trials and errors to practice the claimed invention. 

Applicant's arguments, filed 5/20/11, have been fully 
considered but are not found persuasive. Applicant alleges, 
"the PTO has not provided any credible evidence showing that one 
of ordinary skill in the art would reasonably doubt the asserted 
utility of the claimed invention and has therefore not met its 
initial burden" (emphasis by Applicant) . 

Applicant is advised that no rejection for lack of utility 
has been made. The invention would most certainly have utility 
if it functioned as claimed in humans. Type 1 diabetes is a 
growing scourge on the human population; its prevention would 
most certainly be one of the greatest achievements in medical 
history. 

Applicant alleges, "the sum total the evidence provided by 
the Patent Office shows that, using fundamentally different 
therapeutic agents than presently claimed, tested in diseases 
other than Type 1 diabetes as presently claimed, some 
researchers have achieved tolerance results in animal models 
that have been difficult to reproduce in humans." 
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Applicant's position is at best, overstated. If the 
therape i agents of the cited references are actually 
"fundamentally different", then Applicant's method of preventing 
or delaying type 1 diabetes would likely function through a 
"fundamentally different" mechanism unknown to biological 
science. As such, said mechanism would require significant 
enablement comprising, at the very least, some sort of sound 
scientific reasoning as to why the ordinarily skilled artisan 
would have any expectation of success employing Applicant's 
revolutionary method in the treatment of human disease. 
Further, it is unclear how Applicant can credibly allege that 
the diseases of the cited references are "diseases other than 
Type 1 diabetes" when at least Pozzilli et al . and Skyler et al. 
specifically report failures in attempted treatments of type 1 
diabetes. Applicant is advised that mischaracterizing facts of 
record does not comprise a persuasive argument. 

Citing MPEP 2164.05(a), Applicant again argues that post- 
filing date references cannot be used in an enablement 
rejection. Applicant cites In re Wright (cited in MPEP 
2164.05(a)) and opines on the holdings of the court. 

Interestingly, what Applicant fails to point out is that, 
similar to fact pattern in the instant application, the examiner 
in the Wright application cited a post-filing reference 
(Matthews et al.) showing that even some years post-filing the 
treatment was ineffective in preventing disease in animal 
models, that animal models were "likely to be imperfect", and 
that testing in humans was "necessary to determine safety, 
immunogenicity, and efficacy." The court itself further found 
relevant the fact that even years after the Wright invention no 
one had yet developed a "generally successful AIDS virus 
vaccine". The court also found relevant the fact that the 
Examiner noted that the scientific community was having 
difficulty developing an AIDS vaccine years after the filing of 
the Wright application, "to illustrate that the art is not even 
today [10 years later] as predictable as Wright has suggested 
that it was back in 1983." This fact is particularly relevant 
to the method of the instant claims wherein some 9+ years after 
the priority date of the instant application no antigen-specific 
treatments, much less preventions, for type 1 diabetes are 
known. More specifically, antigen-specific treatments have been 
tried in humans and failed, see Pozzilli et al. and Skyler et 
al. 
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Applicant dismisses the teachings of the Marketletter, 
Pozziili et al., Dong et al . , Legge et al, and Goodnow. 

Applicant's dismissal is noted. The references still 
serve, however, to teach the unpredictability of establishing 
" - - - - - . And again, if Applicant's method 

does not function through the establishment of immune tolerance, 
then said method would be truly revolutionary in the biological 
sciences and requiring of more enablement than is set forth in 
the instant specification which includes no showing of the 
delaying or preventing of type 1 diabetes employing the GAD 
construct of the instant claims. 

Applicant cites the Inventor's previously submitted 1.132 
declaration as showing that the I gGAD2 construct of the instant 
claims could delay hyperglycemia in the NOD experimental mouse 
model. Applicant further refers to the NOD mouse model as the 
"gold standard animal model". 

Applicant's position seems to be that while post-filing 
demonstrations of a lack of enablement are impermissible, post- 
filing demonstrations of enablement are permissible. Said 
position would seem to be contradictory. Turning again to In re 
Wright, the court dismissed the post-filing submissions of the 
Inventor, stating, "all of these developments occurred after the 
effective filing date of Wright's application and are of no 
significance regarding what one skilled in the art believed as 
of that date." Regarding the NOD mouse model comprising the 
"gold standard animal model", Applicant is reminded that 
distinguished immuno legists such as Gerald Nepom and Matthias 
von Herrath have referred to the NOD model as a "workhorse" with 
numerous limitations, see von Herrath and Nepom (2009, of 
record) . They note that just one of several NOD mouse strains 
even develops diabetes. They further note the ease of treating 
diabetes in the single NOD strain susceptible to diabetes, i.e., 
"over 20 0 perturbations of the immune environment are known that 
can prevent or reverse disease in NOD mice," treatments that 
have proven to be ineffective in humans (see Box 1) . They 
conclude that the single strain of NOD mouse is susceptible to 
diabetes because of, "a rather unique set of genotypic 
circumstances that is unlikely to exist in a substantial 
fraction of the human population, if it exists at all" (page 
130, column 1) . 
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Apj licant argues that treatment in humans is not required. 

Applicant's position is noted. It must also be noted, 
however, that failures of treatments in humans cannot simply be 
ignored. 

5. The nonstatutory double patenting rejection is based on a 
judicially created doctrine grounded in public policy (a policy 
reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by 
a patent and to prevent possible harassment by multiple 
assignees. See In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 
(Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 US.PQ 645 (Fed. 
Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970) ; and, 
In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 
CFR 1.321(c) may be used to overcome an actual or provisional 
rejection based on a nonstatutory double patenting ground 
provided the conflicting application or patent is shown to be 
commonly owned with this application. See 37 CFR 1.130(b). 

Effective January 1, 1994, a registered attorney or agent 
of record may sign a terminal disclaimer. A terminal disclaimer 
signed by the assignee must fully comply with 37 CFR 3.73(b). 

6. Claims 1-5, 7, 13, 15-19, and 22-24, and 26-30 stand 
rejected under the judicially created doctrine of obviousness- 
type double patenting as being unpatentable over Claims 1-7 and 
13-16 of U.S. Patent Application No. 11/290,070. Although the 
conflicting claims are not identical, they are not patentably 
distinct from each other because the claims of the '070 
application recite a method comprising treating ID DM with a GAD 
construct such as would be encompassed by that recited in Claim 
1. 

This is a provisional obviousness-type double patenting 
rejection because the conflicting claims have not in fact been 
patented. 

7. Claims 1-5, 7, 13, 15-19, and 22-24, and 26-30 stand 
rejected under the judicially created doctrine of obviousness- 
type double patenting as being unpatentable over Claims 1-7 and 
13-16 of U.S. Patent Application No. 11/425,084. Although the 
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conflicting claims are not identical, they are not patentably 
1 inct roi eac jt lei he ^se the claims of the '084 
application recite a method comprising treating ID DM with a GAD 
construct such as would be encompassed by that recited in Claim 
1 . 

This is a provisional obviousness-type double patenting 
rejection because the conflicting claims have not in fact been 
patented. 

Applicant defers a response regarding the remaining double 
patenting rejections until the finding of allowable claims. 

8. Claims 1-5, 7, 13, 15-19, and 22-24, and 26-30 stand 
rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the written description requirement. The claim (s) 
contains subject matter which was not described in the 
specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor (s) , at the time 
the application was filed, had possession of the claimed 
invention. This is a new matter written description rejection. 

As Set forth previously, The specification and the claims as 
originally filed do not provide support for the invention as now claimed, 
specifically: 

A) A method comprising the administration of an immunoglobulin construct 
comprising a protein [fragment] (added 11/12/10} represented by SEQ ID NO: 4 
(Claims 1 and 13) . 

Applicant cites pages 13, 21, 45, and 26 in support of the claimed method. 

A review of the specification reveals that the peptide of SEQ ID NO: 4 is 
found at page 46 of the specification. The specification, however, does not teach 
the peptides as part of an immunoglobulin construct. 

Applicant's arguments, filed 5/20/11, have been fully 
considered but are not found persuasive. Applicant now cites 
pages 4, 8, 19, 22-24, 45, and 46 of the specification. 

A review of the cites shows that just the cite at pages 45- 
4 6 discloses the peptide of SEQ ID NO: 4. The generic 
disclosures of "GAD2 " at pages 4, 8, 19, and 22-24 cannot 
support the claimed method employing a specific chimeric 
construct, said construct comprising the specific amino acid 
sequence of SEQ ID NO: 4 (TYEIAPVFVLLEYVT) . 
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A review of pages 45 and 46, at the beginning of the 
Examples section, show that the peptide of SEQ ID NO: 4 is 
disclosed just once, and only in the context of a peptide. It 
is not disclosed in the context of the claimed method of 
administering an Ig-GAD65 peptide construct for the delaying or 
preventing of type 1 diabetes. Indeed, the disclosure of the 
Examples is limited to the production and administration of a 
single Ig-insulin peptide (Ig-INSp) and an Ig-hen egg lysozyme 
(Ig-HEL) control peptide. Even assuming that the cite supports 
an Ig-GAD65 construct employing the peptide of SEQ ID NO: 4, it 
does not teach said construct comprising a CDR1, CDR2, and CDR3 
as is claimed. 

9. The following is a quotation of 35 U.S.C. 103(a) which 
forms the basis for all obviousness rejections set forth in this 
Office action: 

(a) A patent may not be obtained though the invention is not identically 
disclosed or described as set forth in section 102 of this title, if the 
differences between the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would have been obvious at 
the time the invention was made to a person having ordinary skill in the 
art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

10. Claims 1, 2, 4, 5, 7, 13, 15-19, 22-24, 26, and 28-30 are 
rejected under 35 U.S.C. 103(a) as being unpatentable over WO 
98/30706 in view of Chao et al . (1999). 

AS set forth previously, WO 98/30706 teaches the treatment of 
autoimmune disorders, including ID DM, (see particularly pages 10 and 19) employing 
an engineered fusion protein, e.g., a humanized IgG 2) chimeric protein wherein an 
autoantigen peptide is inserted into the D segment of a CDR3 loop (see 
particularly Figure 1, page 13, and Example II) . 

The method differs from the claimed invention only in that it does not 
teach the use of the GAD 6 5 SEQ ID NO: 4 peptide as the autoantigen employed for the 
treatment of IDDM. 

Chao et al. teach that the GAD 6 5 peptide of SEQ ID NO: 4 (p206-220) is an 
immunodominant T cell diabetes antigen in their NOD mouse diabetes model (see 
particularly page 9300, Results) . 

It would have been prime facie obvious to one of ordinary skill in the art 
at the time the invention was made to perform the method of WO 98/30706 for the 

j t r I r j l _biect such as a mouse model of diabetes employing the 

P206-220 T cell autoantigen of Chao et al. One of ordinary skill in the art at 
the time the invention was made would have had reason to select the GAD( p20 20 
peptide as the autoantigen of choice for use in the claimed method because Chao 
et al. teaches that it was the most immunodominant diabetes T cell antigen in 
their model. Regarding the timing of administration of the Ig-fusion protein set 
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- s 3, 16, 17, etc, said timing would Epn.se 01 

I ., sll within the purview of one of skill in the art 
at the time of the invention. 

Applicant's arguments, filed 5/20/11, have been fully 
considered but are not found persuasive. Applicant again argues 
that an obviousness rejection that relies on an alleged 
teaching, suggestion or motivation must be articulated in a 
Graham v. Deere format . 

Again, Applicant is simply in error, the Graham v. Deere 
format is just one of many that may be used in a finding of 
obviousness. It is the substance of a rejection, not the format 
that is critical. 

Applicant again argues a lack of expectation of success. 

Applicant's argument seems puzzling given the fact that as 
of the effective filing date of the instant application the 
record contains no evidence that Applicant had performed the 
method of the instant claims, even in their limited animal 
model. And it is unclear how Applicant can convincingly ignore 
the Inventor's own teaching (in WO 98/30706) that the Ig 
chimeric construct can be employed in the treatment of various T 
cell mediated disorders, including insulin dependent (type 1) 
diabetes, by simply changing the antigen (pages 10 and 19) . 

Applicant argues unexpected results. 

Applicant is advised that a persuasive claim of unexpected 
results first requires that the unexpected results be 
commensurate in scope with the invention as claimed. Such is 
clearly not the case here. Second, evidence of unexpected 
results generally takes the form of a direct comparison of the 
claimed invention with the closest prior art which is 
commensurate in scope with the claims. In this instance it is 
noted that no comparison with any other treatment has been 
performed. Accordingly, Applicant's allegations of unexpected 
results is not persuasive. 

Applicant argues that the prior art does not teach the step 
of administering the claimed therapy after autoantibody 
seroconversion . 
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After autoantibody seroconversion would be the most obvious 
time to administer treatment of the instant claims. The 
ordinarily skilled artisan would have viewed this timeframe as 
the time at which the onset of actual disease could be delayed 
or prevented in a subject now proven likely to develop disease 
(because of the seroconversion) . 

11. No claim is allowed. 

12. THIS ACTION IS MADE FINAL. Applicant is reminded of the 
extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action 
is set to expire THREE MONTHS from the mailing date of this 
action. In the event a first reply is filed within TWO MONTHS 
of the mailing date of this final action and the advisory action 
is not mailed until after the end of the THREE-MONTH shortened 
statutory period, then the shortened statutory period will 
expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated 
from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than 
SIX MONTHS from the mailing date of this final action. 

13. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Dr. 
Gerald Ewoldt whose telephone number is (571) 272-0843. The 
examiner can normally be reached Monday through Thursday from 
7:30 am to 5:30 pm. A message may be left on the examiner's 
voice mail service. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Dr. Ram 
Shukla, can be reached on (571) 272-0735. 

14. Please Note: Information regarding the status of an 
application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR 
or Public PAIR. Status information for unpublished applications 
is available through Private PAIR only. For more information 
about the PAIR system, see http : / /pair-direct . uspto . gov . Should 
you have questions on access to the Private PAIR system, contact 
the Electronic Business Center (EBC) at 866-217-9197 
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/G.R. Ewoldt/ 
G.R. Ewoldt, Ph.D. 
Primary Examiner 
Technology Center 1600 
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(71) Applicant (for all designated States except US): ALLIANCE 
PHARMACEUTICAL CORP. [US/US]; 3040 Science Park 
Road, San Diego, CA 92121 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): ZAGHOUANI, Habib 
[TN/US]; 1408 Knightsbridge Drive, Knoxville, TO (US). 

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson and 
Bear, LLP, 16th floor, 620 Newport Center Drive, Newport 
Beach, CA 92660 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH, GM, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 



(54) Title: COMPOUNDS, COMPOSITIONS AND METHODS FOR THE ENDOCYTIC PRESENTATION OF IMMUNOSUPPRES- 
SIVE FACTORS 

(57) Abstract 

, unolll odulating agents comprising at least one Fc receptor ligand and at least one immunosuppressive factor are provided as 

are methods for their manufacture and use. The immunomodulating agents may be in the form of polypeptides or chimeric anubodtes 
and preferably incorporate an immunosuppressive factor comprising a T cell receptor antagomst. The compounds and compos.tinns ot the 
• may be used to selectively suppress the immune system tc 



transplanted tissue rejection and autoimmune disorders including lupus, rheumatoid arthritis and multiple sclerosis. 



le disorders such as allergies, 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



Azerbaijan GB United Kingdom MC Monaco TD Chad 

Bosnia and Herzegovina GE Georgia MB Republic of Moldova TG Togo 

Barbados GH Ghana MG Madagascar TJ Tajikistan 

Belgium GN Guinea MK The former Yugoslav TM Turkmenistar 

Burkina Paso GR Greece Republic of Macedonia TR Turkey 

Bulgaria HU Hungary ML Mali TT Trinidad and 

Benin IE Ireland MN Mongolia UA Ukraine 



New Zealand 



WO 98/30706 "1- PCT/US98/00520 

COMPOUNDS, COMPOSITIONS AND METHODS FOR THE ENDOCYTIC PRESENTATION OF 
IMMUNOSUPPRESSIVE FACTORS 

Field of the Invention 

The present invention generally relates to compounds, compositions and methods for the effective 
endocytic presentation of immunosuppressive factors. More particularly, the present invention is directed to 
compounds, methods and compositions comprising immunosuppressive factors that are useful for the treatment of 
various disorders including, hut not limited to, autoimmune disorders. In preferred embodiments the 
immunosuppressive factors may be T cell receptor antagonists or agonists. OthBr embodiments of the invention 
provide for the induction of tolerancB in neonates or infants. 

Background of the Invention 

Vertebrates possess the ability to mount an immune response as a defense against pathogens from the 
environment as well as against aberrant cells, such as tumor cells, which develop internally. The immune response 
is the result of complex interactions between a variety of cells and factors, but generally comprises two main facets. 
One is a cellular component, in which specialized cells directly attack an offending agent (bearing an antigen) while 
the other is a humoral component, in which antibody molecules bind specifically to the antigen and aid in its 
elimination. Acting in concert, the individual elements are quite effective in limiting the initial onslaught of invading 
pathogens and eliminating them from the host. 

The primary cells involved in providing an immune response are lymphocytes which generally comprise two 
principal classes. The first of these, designated B cells or B lymphocytBS, are typically generated in bone marrow 
and are, among other duties, responsible for producing and secreting antibodies. B ceH antibody products tend to 
react directly with foreign antigens and neutralize them or activate other components of the immune systems which 
then eliminate them. In particular, opsonizing antibodies bind to extracellular foreign agents thereby rendering them 
susceptible to phagocytosis and subsequent intracellular killing. On the other hand T cells or T lymphocytes, which 
generally develop or mature in the thymus, are responsible for mediating the cellular immune response. These cells 
do not recognize whole antigens but, instead, respond to short peptide fragments thereof bound to specialized 
proteins which appear on the surface of the surface of a target cell. More particularly, it appears that proteins 
produced within the cell, or taken up by the cell from the extracellular milieu, are continually degraded to peptides 
by normal metabolic pathways. The resulting short fragments associate with intracellular major histocompatibility 
complex (MHC) molecules and the MHC-peptide complexes are transported to the surface of the cell for recognition 
by T cells. Thus, tha cellular immune system is constantly monitoring a full spectrum of proteins produced or 
ingested by the cells and is posed to eliminate any cells presenting foreign antigens or tumor antigens; i.e. virus 
infected cells or cancer cells. 

The general structure of immunoglobulin G (IgG), the most common of mammalian antibodies, is shown 
schematically in Figure 1. As illustrated, IgG is a tetrameric protein complex comprising two identical heavy (H) 
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chains and two identical immunoglobulin light (L) chains. These chains are joined together by disulfide bonds to form 
the Y-shaped antibody complex. In solution however, the molecule takes on a more globular shape and readily bind 
to foreign antigens present in biological fluids. 

Amino acid sequence analysis of immunoglobulins has led to the definition of specific regions with various 
functional activities within the chains. Each fight chain and each heavy chain has a variable region (V L and V H 
respectively) defined within the first 110 amino terminal residues. Three dimensional pairing of the V L and V H regions 
constitute the antigen-recognition portion or "antigen combining sitB" ("ACS") of immunoglobulin molecule. Because 
of the tetrameric nature of immunoglobulins, there are two identical antigen combining sites per molecule. The 
variable domains of these chains are highly heterogeneous in sequence and provide the diversity for antigen combining 
sites to be highly specific for a large variety of antigenic structures. The heterogeneity of the variable domains is 
not evenly distributed throughout the variable regions, but is located in three segments, called complementarity 
determining regions ("CDRs") designated CDR 1, CDR 2 and CDR 3. For further information regarding these 
structures see Watson et at., 1987, Molecular Biology of the Gene, Fourth Edition, Benjamin/Cummings Publishing 
Co., Inc., Menlo Park, CA incorporated herein by reference. 

Each of the heavy chains also includes a constant region defining a particular isotype and assigns the 
immunoglobulin to one of the immunoglobulin classes and subclasses. The constant region contains units called 
domains (i.e. C„„ C H „ etc.) which do not vary significantly among antibodies of a single class. The constant region 
does not participate in antigen binding, but can be associated with a number of biological activities known as 
"effector functions", such as binding to Fc receptors on cell surfaces of antigen presenting cells (APC's) as well 
as binding to complement proteins. Antigen presenting cells such as dendritic cells and macrophages are, among 
other features, generally distinguished by the presence of an Fc receptor. Consequently, if an antibody is bound to 
a pathogen, it can then link to a phagocyte via the Fc portion. This allows the pathogen to be ingested and 
destroyed by the phagocyte, a process known as opsonization. Moreover, as will be discussed in more detail below, 
various pathogenic antigens may be processed and displayed by the APC to further stimulate an immune response. 

Unlike the heavy chains, the light chains have a single constant domain (C L ). A light chain pairs with a 
heavy chain through a disulfide bond which attaches heavy constant region C„, to C L . In addition, the heavy chains 
have a hinge region separating constant regions C H , and C H2 from the remainder of the molecule. It is this hinge 
region that is largely responsible for the flexibility of the tetramer. The two heavy chains of the molecule pair 
together through disulfide bonds at the junction between the hinge region and C H2 . 

In order to provide such an extensive repertoire, immunoglobulin genes have evolved so as permit the 
production of vast numbers of different immunoglobulin proteins from a finite number of genes i.e. inherent 
polymorphism. Due to inherent polymorphism, mammals are able to produce antibodies to a seemingly infinite variety 
of antigens. For a review of immunoglobulin genetics and protein structure see Lewin, "Genes III", John Wiley and 
Sons, N.Y. (1987) and Benjamini and Leskowitz, 1988, Immunology, Alan R. Liss, Inc., New York which is 
incorporated herein by reference. 
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In the past few years antibodies have become extremely important in diagnostic and therapeutic applications 
due to their diversity and specificity. Increasingly, molecular biology techniques have been used to expand the variety 
and availability of antibodies for scientific applications. For instance, a single antibody producing B cell can be 
immortalized by fusion with a tumor cell and expanded to provide an in vitro source of antibodies of a single 

5 specificity known as a "monoclonal antibody" (mAb). Such an immortal B cell line is termed a "hybridoma." 

Until recently, the source of most mAb has been murine (mouse) hybridomas cultured in vitro. That is, a 
mouse was typically injected with a selected antigen or immunogen. Subsequently, the animal was sacrificed and 
cells removed from its spleen were fused with immortal myeloma cells. Although they have been used extensively 
in diagnostic procedures, murine mAb have not proven to be well suited for therapeutic applications in most mammals 

10 including humans. In part, this is due to the fact that murine antibodies are recognized as foreign by other 
mammalian species and elicit an immune response which may itself cause illness or undesirable side effects. 

To overcome at least some of the problems of immune responses generated by foreign mAb and the lack 
of suitable human mAb, genetic engineering has been used to construct humanized chimeric immunoglobulin molecules 
which contain the antigen binding complementarity determining regions of the murine antibodies but in which the 

15 remainder of the molecule is composed of human antibody sequences which are not recognized as foreign. Such 
antibodies have been used to treat tumors as the mouse variable region recognizes the tumor antigen and the 
humanized portion of the molecule is able to mediate an immune response without being rapidly eliminated by the 
body. See, for example, Jones et al., Nature, 321:522-525 (1986) which is incorporated herein by reference. 

Other uses of such antibodies are detailed in co-pending U.S.S.N. 08/363,276 and PCT Publication No. WO 

20 94/14847 which are also incorporated herein by reference. In these cases epitopes of foreign antigens such as viral 
or bacterial epitopes are grafted onto the hypervariable region of an immunoglobulin to induce a response. That is, 
the engineered antibodies are used as a vaccine to provoke an immune response and confer long term immunogenic 
memory thereby allowing the subject to fight off subsequent infections. 

These and more traditional vaccines are effective in that they stimulate both prongs of the immune system. 

25 Despite the intricacies associated with the humoral component of the immune response, it would not, in and of itself, 
be capable of effectively protecting an animal from the myriad pathogenic assaults to which it is subject each day. 
Rather, it is only the presence of a highly evolved cellular response that allows higher organisms to survive and 
proliferate. 

As indicated above, T lymphocytes or T cells, which arise from precursors in the bone marrow, are central 
30 players in the immune response against invading viruses and other microbes. The progenitor stem cells migrate to 
the thymus where, as so-called thymocytes, they become specialized. In particular, they begin to display the receptor 
molecules that later enable mature T cells to detect infection. To be beneficial, T cells must be able to attach 
through their receptors to microbial antigens (protein markers signaling an invader's presence). At the same time, 
they should be blind to substances made by the body as self-reactive T cells can destroy normal tissues. Typically, 
35 only those thymocytes that make useful receptors wUI mature fully and enter the bloodstream to patrol the body. 
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Others that would be ineffectual or would attack the body's own tissue are, in healthy individuals, eliminated through 
apoptosis prior to leaving the thymus. 

Mature T cells that finally enter the circulation, either as cytolytic T lymphocytes or T helper cells, remain 
at rest unless they encounter antigens that their receptors can recognize. Upon encountering the specific antigens 
for which the lymphocytes have affinity, they proliferate and perform effector functions, the result of which is 
elimination of the foreign antigens. 

T cells have been classified into several subpopulations based on the different tasks they perform. These 
subpopulations include helper T cells (T„), which are required for promoting or enhancing T and B cell responses; 
cytotoxic (or cytolytic) T lymphocytes (CTL), which directly kill their target cells by cell lysis; and suppressor T cells 
(T s ) which down-regulate the immune response. In each case the T cells recognize antigens, but only when presented 
on the surface of a cell by a specialized protein complex attached to the surface of antigen presenting cells. More 
particularly, T cells use a specific receptor, termed the T cell antigen receptor (TCR), which is a transmembrane 
protein complex capable of recognizing an antigen in association with the group of proteins collectively termed the 
major histocompatibility complex (MHC). Thousands of identical TCR's are expressed on each cell. The TCR is 
related, both in function and structure, to the surface antibody (non-secreted) which B cells use as their antigen 
receptors. Further, different subpopulations of T cells also express a variety of cell surface proteins, some of which 
are termed "marker proteins" because they are characteristic of particular subpopulations. For example, most T„ cells 
express the cell surface CD4 protein, whereas most CTL and T s cells express the cell surface CD8 protein. These 
surface proteins are important in the initiation and maintenance of immune responses which depend on the recognition 
of, and interactions between, particular proteins or protein complexes on the surface of APCs. 

For some time it has been known that the major histocompatibility complex or MHC actually comprises a 
series of glycosylated proteins comprising distinct quaternary structures. Generally, the structures are of two types: 
class I MHC which displays peptides from proteins made inside the cell (such as proteins produced subsequent to 
viral replication), and class II MHC, which generally displays peptides from proteins that have entered the cell from 
the outside (soluble antigens such as bacterial toxins). Recognition of various antigens is assured by inherited 
polymorphism which continuously provides a diverse pool of MHC molecules capable of binding any microbial peptides 
that may arise. Essentially, all nucleated cells produce and express class I MHC which may exhibit naturally 
occurring peptides, tumor associated peptides or peptides produced by a viral invader. Conversely, only a few 
specialized lymphoid cells, those generally known as antigen presenting cells, produce and express class II MHC 
proteins. Regardless of the cell type, both classes of MHC carry peptides to the cell surface and present them to 
resting T lymphocytes. Ordinarily T„ cells recognize class II MHC-antigen complexes while CTL's tend to recognize 
class I MHC-antigen complexes. 

When a resting T cell bearing the appropriate TCR encounters the APC displaying the peptide on its surface, 
the TCR binds to the peptide-MHC complex. More particularly, hundreds of TCR's bind to numerous peptide-MHC 
complexes. When enough TCRs are contacted, the cumulative effect activates the T cell. Receptors on T cells that 
are responsible for the specific recognition of, and response to, the MHC-antigen complex are composed of a complex 
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of several integral plasma membrane proteins. As with the MHC complex previously discussed, a diverse pool of 
TCR's is assured by inherent polymorphism leading to somatic rearrangement. It should be emphasized that, while 
the pool of TCR's may be diverse, each individual T cell only expresses a single specific TCR. However, each T 
cell typically exhibits thousands of copies of this receptor, specific for only one peptide, on the surface of each cell. 
In addition, several other types of membrane associated proteins are involved with T cell binding and activation. 

Activation of the T cell entails the generation of a series of chemical signals (primarily cytokines) that result 
in the cell taking direct action or stimulating other cells of the immune system to act. In the case of class I MHC- 
antigen activation, GTL's proliferate and act to destroy infected cells presenting the same antigen. Killing an 
infected cell deprives a virus of life support and makes it accessible to antibodies, which finally eliminate it. In 
contrast, activation of T h cells by class II MHC-antigen complexes does not destroy the antigen presenting cell (which 
is part of the host's defense system) but rather stimulates the T„ cell to proliferate and generate signals (again 
primarily cytokines) that affect various cells. Among other consequences, the signaling leads to B cell stimulation, 
macrophage activation, CTL differentiation and promotion of inflammation. This concerted response is relatively 
specific and is directed to foreign elements bearing the peptide presented by the class II MHC system. 

When operating properly the immune response is surprisingly effective at eliminating microscopic pathogens 
and, to a lesser extent, neoplastic cells. In general, the complicated mechanisms for self-recognition are very efficient 
and allow a strong response to be directed exclusively at foreign antigens. Unfortunately, the immune system 
occasionally malfunctions and turns against the cells of the host thereby provoking an autoimmune response. 
Typically, autoimmunity is held to occur when the antigen receptors on immune cells recognize specific antigens on 
healthy cells and cause the cells bearing those particular substances to die. In many cases, autoimmune reactions 
are self-limited in that they disappear when the antigens that set them off are cleared away. However, in some 
instances the autoreactive lymphocytes survive longer than they should and continue to induce apoptosis or otherwise 
eliminate normal cells. Some evidence in animals and humans indicates that extended survival of autoreactive cells 
is implicated in at least two chronic autoimmune disorders, systemic lupus erythematosus and rheumatoid arthritis. 

Other mechanisms of action are also thought to contribute to the development of various autoimmune 
disorders. For example, over the last few years it has become clear that the avidity of T cell-APC interactions 
dictates thymic learning and tolerance to self antigens. Accordingly, high avidity interactions lead to elimination of 
the T cell whereas low avidity interactions allow for maturation and exit from the thymus. Although this mechanism 
is effective in purging the immune system of autoreactivity, T cell precursors endowed with self reactivity could still 
be generated and migrate to the periphery if the autoantigen is sequestered and does not achieve effective levels 
of thymic presentation, is subjected to thymic crypticity, or is poorly presented. Moreover, superantigens capable 
of reacting with particular T cell receptors and events that could stimulate antigen mimicry, epitope spreading or 
peripheral loosening in peptide crypticity may trigger activation of those self-reactive T cells and cause antigen 
exposure. In any case, continuous supply of autoantigen and abundant generation of T cell receptor ligands (peptide- 
MHC complexes) are a likely mechanism of T cell aggressivity. Examples of such a spontaneous break in self- 
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tolerance include multiple sclerosis (MS), rheumatoid arthritis (possibly more than one mechanism) and type I diabetes 
all of which are thought to be T cell mediated autoimmune diseases. 

Regardless of which mechanism is responsible for the corruption of thB immune system, the results can be 
devastating to the individual. For example, multiple sclerosis is a chronic, inflammatory disorder that affects 
5 approximately 250,000 individuals in the United States. The inflammatory process occurs primarily within the white 
matter of the central nervous system and is mediated by T cells, B cells and macrophages which are responsible for 
the demyelination of the axons. Although the clinical course can be quite variable, the most common form is 
manifested by relapsing neurological deficits including paralysis, sensory deficits and visual problems. 

Once immune cells have spread to the white matter of the central nervous system, the immune response 
10 is targeted to several different antigens on myelin. For example, there is a critical antibody response directed to 
myelin that activates the complement cascade with membrane attack complexes appearing in the spinal fluid. 
Further, T cells are targeted to certain key portions of various myelin antigens such as those presented on myelin 
basic protein (MBP) and proteolipid protein (PLP). The T cells in turn produce cytokines which then influence 
macrophages to attack the myelin and phagocytose large chunks of the myelin sheath. ThB concerted attack leads 
15 to areas of demyelination impairing salatory conduction along the axon and producing and the pathophysiologic defect. 
Multiple immune responses to several components of a supramolecular structure, like the myelin sheath in multiple 
sclerosis or the pyruvate dehydrogenase complex in primary biliary cirrhosis, are common in individuals with 
autoimmune diseases involving discrete organs. 

Treatments for autoimmune diseases have met with varying levels of success. For example, it is often 
20 possible to correct organ-specific autoimmune disease through metabolic control. Where function is lost and cannot 
be restored, mechanical substitutes or tissue grafts may be appropriate. However, no effective treatments exist for 
several of the most disabling disorders including MS. While a number of compounds, including corticosterioids and 
modified beta interferon, can reduce some symptoms of MS, they have proven to have serious side Bffects or 
otherwise bean shown to be less than desirable for long term use. Other avenues of treatment have shown promise 
25 but have yet to be shown effective. 

In this respect, one promising treatment for MS is described in WO 96716086, incorporated herein by 
reference, which discloses the use of peptide analogs of myelin basic protein (MBP). Compositions comprising these 
analogs are reportedly able to ameliorate symptoms of MS without excessive side effects. Moreover, use of peptide 
analogs to myelin constitutive proteins were also shown to be effective in treating the symptoms of experimental 
30 allergic encephalomyelitis (EAE), an organ specific immune disorder often used in mice as a model for MS. 
Specifically, reversal of EAE was achieved with a peptide analog derived from proteolipid (PLP) peptide (Kuchroo et 
al., J. Immunol. 153:3326-3336, 1994, incorporated herein by reference). It was shown that when the major TCR 
contacting residues within the naturally occurring PLP peptide were mutated, the resulting peptide analog bound MHC 
as well as the natural peptide yet does not activate PLP specific T cells. Instead the PLP analog inhibits in vitro 
35 activation of the T cells. 
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While peptide analogs represent an attractive approach to modulate the effector functions of aggressive T 
cells and ameliorate autoimmune diseases, several problems limit their effectiveness. For instance, only a few MHC- 
peptide complexes are available on the surface of a typical APC meaning a single complex may be required to serially 
trigger about 200 TCRs to activate the T celL Where the autoantigen is continuously available for normal 

5 processing and presentation by the MHC system, it appears that very few surface MHC complexes would be available 
to bind the peptide analog. Further, as free peptides typically have very short half-lives, they are not readily 
incorporated and processed by the MHC-antigen presenting system, little will be naturally expressed on the APC. 
Due to the inefficient presentation, direct inhibition of the thousands of TCR's on each T cell likely require 
prohibitively high intracellular levels of free peptide. The turnover of cell surface MHC molecules also contributes 

10 to the short stay of complexes formed at the extracellular milieu (Lb. MHC class II molecules have been in the cell 
surface for some time before binding the extracellular peptide) while complexes formed in the endocytic compartment 
will reside for a normal period of time because they have just been translocated to the cell surface. Finally, as 
previously alluded to, administration of such synthetic epitopes or analogs is extremely problematic in view of the 
short half-life of peptides in the mammalian body. Between the short half-lives of the MHC complexes and the 

15 administered peptides, effective exposure is too brief to permit the induction of a satisfactory immune response 
further necessitating higher doses. 

Accordingly, it is a general object of the present invention to provide methods and associated compositions 
for effectively modifying the immune system of a vertebrate to treat an immune disorder. 

It is another object of the present invention to provide methods and compositions for the effective 

20 presentation of T cell receptor antagonists or agonists to modulate the cellular immune response in a subject in need 
thereof. 

It is yet a further object of the present invention to provide methods and compositions for the treatment 
and amelioration of various immune disorders. 

It is yet another object of the present invention to provide methods and compositions for the induction of 
25 T cell tolerance in neonates or infants. 

It is still another object of the present invention to provide for the relief of pathological symptoms 
associated with autoimmune disorders including multiple sclerosis. 

Summary of the Invention 

30 These and other objectives are accomplished by the methods and associated compounds and compositions 

of the present invention which, in a broad aspect, provides for an Fc receptor mediated, endocytic delivery system. 
In selected embodiments the invention provides for the effective presentation of immunosuppressive factors which, 
in preferred embodiments may comprise T cell receptor antagonists or agonists. More particularly, the present 
invention provides methods, compounds and compositions to present immunosuppressive factors for the selective 

35 modification of an immune response in a vertebrate. In particularly preferred embodiments, the invention provides 
for Fc receptor mediated endocytic presentation of a selected T cell receptor antagonist or agonist to modulate an 



immune response mounted against a specific antigen. As will be appreciated by those skilled in the art, the disclosed 
methods and compositions may be used to treat any physiological disorder related to the immune response of a 
vertebrate. For example, this ability to suppress selected components of the immune system may allow, among other 
things, for the treatment of autoimmune diseases, facilitation of tissue or organ transplants and the mitigation of 

5 symptoms produced by allergens. Moreover, the present invention further provides for the induction of tolerance in 
neonates and infants with regard to autoantigens. 

In preferred aspects of the invention, the endocytic presentation of the selected immunosuppressive factor 
is facilitated through the use of an immunomodulating agent that is able to bind to the Fc receptor (FcRj of antigen 
presenting cells. Typically, the immunomodulating agent will comprise at least one immunosuppressive factor 

10 associated with at least one ligand capable of binding to a Fc receptor. Upon binding to the antigen presenting cell 
(APC) the immunomodulating agent will be internalized and processed by the APC's natural endocytic pathway. 
Preferably, the internalized immunosuppressive factor, which can be a T cell receptor antagonist or agonist, will then 
be associated with the newly synthesized endogenous MHC class II structures and presented at the surface of the 
APC. Those skilled in the art will appreciate that the immunosuppressive factors, while complexing with T cell 

15 receptors when bound to MHC class II structures, will not promote activation of the T cell. It will further be 
appreciated that hundreds of TCR's on each T cell must be triggered in order to activate the cell. Accordingly, 
efficient presentation of an appropriate TCR antagonist or agonist can prevent a previously primed T cell (i.B. one 
sensitized to a particular autoantigen) from activating and triggering an immune response despite competitive 
presentation of the naturally occurring autoantigen. 

20 In a broad sense, the immunomodulating agents of the present invention may comprise any ligand (FcR 

ligand) that is capable of binding to, and being internalized by, the Fc receptor of an antigen presenting cell. That 
is, the FcR ligand may be any protein, protein fragment, peptide or molecule that effectively binds to a Fc receptor 
on the surface of any antigen presenting cell. Preferably, the FcR ligand will comprise or mimic at least some portion 
of a constant region of an immunoglobulin molecule and will not provoke an antigenic response in the subject. In 

25 selected aspects of the invention, the FcR ligand will comprise part or all of a constant region from an IgG molecule. 
Particularly preferred embodiments will employ FcR ligands comprising the entire constant region of a selected 
immunoglobulin molecule from the species to be treated. Of course, it will also be appreciated that binding to the 
Fc receptor may also he effected by ligands that comprise small fragments of a single constant region domains or 
non amino acid based molecular entities. In any case, the FcR ligand may be derived using modern pharmaceutical 

30 techniques such as directed evolution, combinatorial chemistry or rational drug design. 

As previously alluded to, the compounds of the present invention further comprise an immunosuppressive 
factor associated with the FcR ligand to provide an immunomodulating agent. For the purposes of the instant 
invention the immunosuppressive factor can be any molecular entity that is capable of being processed by an APC 
and presented in association with class II MHC molecules on the cell surface. In particularly preferred embodiments 

35 the immunosuppressive factor comprises all or part of a T cell antagonist. For the purposes of this disclosure the 
term "antagonist" shall, in accordance with its normal meaning, comprise any substance that interferes with the 
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physiological action of another by combining with, and blocking, its receptor. More particularly, TCR antagonists 
are molecular entities that, in combination with class II MHC molecules, are capable of non-reactively associating 
with a T cell receptor and preventing that receptor from binding to its normal activating antigen ligand (i.e. an MHC- 
peptide agonist). Preferably, the TCR antagonist comprises a peptide or protein fragment that is an analog of the 
normal activating antigen agonist. In particularly preferred embodiments the TCR antagonist is an analog of a T cell 
epitope. 

In other preferred embodiments the immunosuppressive factor may comprise a T cell agonist that forms a 
MHC complex which does not activate the primed TCR upon binding. For the purposes of the present disclosure, 
the term "agonist" shall be used in accordance with its commonly accepted biochemical meaning. In this regard it 
will be appreciated that, while the T cell agonist may be any molecule that provides the desired immunogenic result, 
the selected agonist will preferably comprise a peptide or protein fragment. Moreover, those skilled in the art will 
appreciate that immunomodulating agents comprising one or more T cell receptor agonists may be combined with 
immunomodulating agents comprising one or more T cell receptor antagonists to provide pharmaceutical formulations 
that may be used to selectively attenuate a patient's immune response. 

In the disclosed compounds and associated methods, the FcR ligand is associated with the 
immunosuppressive factor to form an immunomodulating agent so that both are internalized by the APC at 
substantially the same time. This association may be in the form of two or more molecules bound to each other 
as with an antibody-antigen complex or, in preferred embodiments, may comprise the formation of a single chimeric 
molecule incorporating both the immunosuppressive factor (i.e. a TCR antagonist or agonist) and FcR ligand. For 
example, a selected TCR antagonist could be chemically linked to an FcR ligand region produced by proteolytic 
techniques (i.e. an Fc fragment). Other embodiments may comprise a normal immunoglobulin comprising an FcR ligand 
sterically bound to an antagonistic or agonistic peptide. Particularly preferred embodiments of the invention comprise 
chimeric immunoglobulins produced through genetic engineering techniques. In these compounds the FcR ligand (and 
usually the majority of the molecule) comprises one or more immunoglobulin constant regions while one or more of 
the variable regions is engineered to express a desired peptide TCR antagonist or TCR agonist. Those skilled in the 
art will appreciate that any combination of the aforementioned immunomodulating agents may be associated to form 
compositions of the present invention as can similar immunomodulating agents comprising different immunosuppressive 
factors. Moreover, as previously alluded to, mixtures or "cocktails" of various immunomodulating agents are 
specifically contemplated as falling within the scope of the present invention. 

The disclosed compositions may be formulated using conventional pharmaceutical techniques and carriers 
and may be administered through the usual routes. However, the use of FcR mediated uptake of the 
immunomodulating agent avoids many of the problems associated with prior art compositions. More specifically, the 
methods of the present invention overcome many of the limitations associated with the administration of free peptide 
antagonists as disclosed in the prior art. Accordingly, efficient endocytic presentation of an immunosuppressive 
factor such as a TCR antagonist can generate significant levels of MHC-antagonist ligands to oppose abundant MHC- 
autoantigenic complexes that are generated in spontaneous immune disorders involving the continuous presentation 
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of an autoreactive antigen. As such, the invention may be used to treat any immune disorder that responds to the 
presentation of immunosuppressive factors. This is particularly true of T cell mediated autoimmune disorders 
including, for example, multiple sclerosis, lupis, rheumatoid arthritis, scleroderma, insulin-dependent diabetes and 
ulcerative colitis. In a like manner, the present invention can be used to selectively downregulate the immune system 
with respect to continuously presented agonists such as allergens. Further, the compounds and associated 
compositions of the present invention may be used to selectively suppress various components of the immune system 
to reduce the likelihood of tissue or organ rejection following transplant. 

In addition, it has been surprisingly found that the compounds, compositions, and methods of the present 
invention may be used to induce tolerance to various autoanttgens in neonates and infants. More particularly, the 
present invention further provides compositions and methods for conferring resistance in neonate or infant mammals 
to the induction of an autoimmune disease during adult life. In accordance with the teachings herein this neonatal 
tolerance is characterized by a lymph node deviation and unusual gamma interferon mediated splenic anergy upon 
challenge with the appropriate autoantigen. Further, in preferred embodiments the present invention may provide for 
the induction of the desired neonatal tolerance without the use of adjuvants (such as incomplete Freund's adjuvant). 

Other objects, features and advantages of the present invention will be apparent to those skilled in the art 
from a consideration of the following detailed description of preferred exemplary embodiments thereof taken in con- 
junction with the figures which will first be described briefly. 

Brief Description of the Drawinos 

Figs. 1A and 1B are schematic representations of chimeric immunoglobulin G (IgG) molecules illustrating the 
general features thereof and the inclusion of foreign peptides within the CDR 3 loop of the heavy chain variable 
region wherein Fig. 1A (Ig-PLPl) shows the insertion of a naturally occurring peptide PLP1 (agonist) derived from 
proteolipid protein while Fig. IB (Ig-PLP-LR) illustrates an immunomodulating agent comprising the inclusion of a 
peptide analog (antagonist) to PLP1 termed PLP-LR; 

Figs. 2A and 2B are graphical representations illustrating the capture of chimeric antibodies lg-PLP1 and 
Ig-PLP-LR, which correspond to those shown in Figs. 1A and 1B respectively, using antibodies directed to the 
corresponding free peptides wherein Fig. 2A shows capture levels by antibodies directed to PLP1 and Fig. 2B shows 
capture levels by antibodies directed to PLP-LR with Ig-W, a wild type antibody, acting as a negative control; 

Figs. 3A and 3B are graphs illustrating the presentation of lg-PLP1 and Ig-PLP-LR (as well as positive and 
negative controls) to PLP1 specific T cell hybridomas 4E3 (Fig. 3A) and 5B6 (Fig. 3B) to determine the relative T cell 
activation potentials of the chimeric immunoglobulins as measured by IL-2 production; 

Fig. 4 is a graphical representation illustrating the relative effectiveness of presenting PLP1 using the 
chimeric antibodies of the present invention (Ig-PLPl ) versus the free peptide PLP1 or the native proteolipid protein 
(PLP) as measured by levels of IL-2 production following incubation with splenic SJL antigen presenting cells and 
PLP1 specific 4E3 T cell hybridoma; 



Figs. 5A, 5B and 5C are graphical comparisons showing Ig-PLP-LR antagonism of PLP1 (5A), lg-PLP1 (5B) 
and PLP (50 mediated T cell activation as measured by IL-2 production by T cell hybridoma 4E3 in the presence 
of SJL splenic APCs that were previously incubated with the respective agonist and various levels of Ig-PLP-LR or 
controls; 

Fig. 6 is a graph showing the relative antagonism of lg-PLP2, Ig-PLP-LR and Ig-W as measured by the 
production of IL-2 by T cell hybridoma HT-2 in the presence of SJL splenic APCs that were previously incubated with 
native proteolipid protein in combination one of the aforementioned immunoglobulins; 

Figs. 7A and 7B are graphs demonstrating the in vivo presentation of PLP1 following inoculation with Ig- 
PLP1 as measured by 3 H-thymidine incorporation by cells from the lymph node (7A) or the spleen (7B> wherein the 
illustrated values represent the ability of cells harvested from individual mice to generate a T cell response as 
measured by 3 H-thymidine incorporation when exposed to agonist PLP1 or the control peptide PLP2; 

Figs. 8A and 8B are graphical representations showing the ability of Ig-PLP-LR to reduce the immune 
response to PLP1 peptide when co-administered with Ig-PLPl as measured in murine cells from the lymph node (8A) 
or the spleen (8B) wherein the illustrated values represent the ability of cells harvested from individual mice to 
generate a T cell response as measured by 3 H-thymidine incorporation when exposed to PLP1; 

Figs. 9A and 9B are graphs demonstrating that mice inoculated with a mixture of Ig-PLP-LR and Ig-PLPl 
develop a more vigorous immune response to the peptide analog PLP-LR than peptide PLP1 as measured in cells from 
the lymph node (9A) or the spleen (9B) wherein the illustrated values represent the ability of cells harvested from 
individual subjects to generate a T cell response as reflected by 3 H-thymidine incorporation when exposed to either 
PLP1 peptide or the peptide analog PLP-LR. 

Figs. 10A-10D are graphical representations of lymph node proliferative responses to immunization with Ig- 
PLP chimeras with mice individually tested in triplicate wells for each stimulator and where the indicated cpms 
represent the mean ± SD after deduction of background cpms; 

Fig. 1 1 is a graphical representation of lymph node T cell proliferative response to co-immunization with 
Ig-PLPl and IgPLPLR with stimulators comprising PPD, 5 /vgfml; PLP 1, PLP-LR, and PLP2 at 15 //g/ml; 

Fig. 12 is a graphical representation of splenic proliferative T cells responses of mice immunized with Ig-W, 
lg-PLP1, IG-PLP-LR and combinations thereof when stimulated with PLP1 (filled bars) and PLP-LR (hatched bars) in 
triplicate wells; 

Figs. 13A-13C are graphical representations of IL-2 (13A), INFk (13B), and IL4 (13C) production by splenic 
cells of mice immunized with Ig-W, lg-PLP1, Ig-PLP-LR and combinations thereof; 

Figs. 14A-14D graphically illustrate proliferation of antigen experienced T cells from mice immunized with 
lg-PLP1 (a and b) or Ig-PLP-LR (c and d) in CFA upon stimulation in vitro with PLPI peptides, PLP-LR peptides and 
mixtures thereof; 

Figs. 1 5A and 1 5B are graphical representations of IL-2 production by antigen experienced T cells immunized 
with Ig-PLPl (15A) and Ig-PLP-LR (15B) upon in vitro stimulation with PLPI peptide, PLP-LR peptide or mixtures 
thereof; 
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Figs. 1 BA and 16B graphically illustrate that neonatal mice injected with Ig-PLPI and Ig-W resist induction 
of EAE with clinically derived curves shown for all mice (16A) and for surviving mice (16B); 

Figs. 17A and 17B graphically show in vivo presentation of lg-PLP1 by neonatal thymic (17A) and splenic 
(17B) antigen presenting cells following injection with Ig-PLPI or Ig-W within 24 hours of birth; 

Figs. 18A and 18B graphically illustrate lymph (18A) and splenic (18B) proliferative T cell response in mice 
injected with Ig-PLPI or Ig-W shortly after birth upon stimulation with free PLP1, PLP2 or a negative control peptide 
corresponding the encephalitogenic sequence 178-191 of PLP; 

Figs. 19A-19C graphically represent lymph node T cell deviation as measured by production of IL-2 (19A), 
IL-4 (19B), and My (19C) in mice treated with Ig-PLPI shortly after birth and stimulated with free PLP1 or PLP2; 

Figs. 20A-20C graphically represent splenic T cell deviation as measured by production of IL-2 (20AS, IL-4 
(20B), and INFp (20C) in mice treated with Ig-PLPI shortly after birth and stimulated with free PLP1 or PLP2; 
and 

Fig. 21 graphically illustrates cytokine mediated restoration of splenic T cell proliferation in mice injected 
with Ig-PLPI shortly after birth, immunized with free PLP1 at seven weeks and stimulated with free PLP1 with the 
cells grown in control media (NIL) media with IL-12 and media with INFk with the indicated cpms for each mouse 
representing the mean ± SD of triplicate wells. 



Detailed Descriptio n of the Preferred Embodiment 

While the present invention may be embodied in many different forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that the 
present invention is not limited to the specific embodiments illustrated. 

As previously alluded to, the present invention provides compounds, compositions and methods for selectively 
modifying the immune response of a vertebrate using an Fc receptor mediated endocytic delivery system. Essentially, 
any immunomodulating agent that can exploit this form of cellular uptake to downregulate the immune system is held 
to constitute part of the present invention. Among other forms, the immunomodulating agents of the invention may 
comprise single polypeptides, antigen-antibody complexes, chimeric antibodies or non-peptide based immunoactive 
compounds. In preferred embodiments the immunomodulating compounds disclosed herein will comprise at least one 
FcR ligand and at least one immunosuppressive factor that is capable of downregulating an immune response upon 
endocytic presentation. Particularly preferred embodiments of the invention comprise an immunomodulating agent 
wherein the immunosuppressive factor is a T cell receptor antagonist or agonist that is capable of binding with a 
receptor on the surface of a primed T cell but not capable of generating an immunogenic response. In such 
embodiments, the presented immunosuppressive factor will effectively compete with selected naturally occurring 
autoantigens thereby preventing the activation of the corresponding primed T cells and reducing the response 
generated. This selective suppression of the immune system may, among other indications, be used to treat 



symptoms associated with immune disorders, including T cell mediated autoimmune disorders, allergies and tissue 
rejection in transplant operations. 

Accordingly, in one embodiment the present invention comprises an immunomodulating agent for the 
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
comprising at least one Fc receptor ligand and at least one immunosuppressive factor. Preferred embodiments 
comprise a Fc receptor ligand corresponding to at least a part of an immunoglobulin constant region domain while 
the immunosuppressive factor corresponds to at least one T cell receptor antagonist. Other preferred embodiments 
incorporate an immunosuppressive factor comprising a T cell receptor agonist. In particularly preferred embodiments 
the immunomodulating agent comprises a recombinant polypeptide or a chimeric antibody. 

By exploiting FcR mediated uptake of the selected immunomodulating agent the present invention very 
cleverly uses the body's own metabolic pathways to downregulate harmful immune responses. More specifically, 
the present invention uses the fact that T cells only recognize and respond to foreign antigens only when attached 
to the surface of other cells. Selection of the appropriate immunomodulating agent or agents in accordance with 
the teachings herein provides for the efficient uptake of the administered compound. Following FcR mediated uptake, 
the natural endocytic pathway of antigen presenting cells provides for the effective presentation of the selected 
immunosuppressive factor complexed with the MHC class II molecules. 

As described above, the two requisite properties that allow a cell to function as an antigen presenting cell 
for class II MHC-restricted helper T cell lymphocytes are the ability to process endocytosed antigens and the 
expression of class II MHC gene products. Most cells appear to be able to endocytose and process protein antigens. 
Accordingly, the determining factor appears to be the expression of class II MHC molecules. In this respect, the best 
defined antigen presenting cells for helper T lymphocytes comprise mononuclear phagocytes, B lymphocytes, dendritic 
cells, Langerhans cells of the skin and, in some mammals, endothelial cells. Of course it will be appreciated that 
different cells may be concentrated in different areas and may be involved in different stages of the T cell mediated 
immune response. In any case, the term "antigen presenting cell" or "APC" as used herein shall be held to mean 
any cell capable of inducing a T cell mediated immune response through the processing and surface presentation of 
an MHC class ll-antigen complex. As such, the selected FcR ligand may interact with any of a number of different 
Fc receptors found on a variety of cell types to promote endocytosis of the immunomodulating agent. By way of 
example only, selected human Fc receptors that may be employed include the FcyRI, FcyRIIA, FcyRIIB, Fc^RIIIA or 
Fc/RIIIB subfamilies. 

More generally, in accordance with the present invention those skilled in the art will appreciate that any 
ligand capable of binding to an FcR complex and initiating endocytosis is compatible with the present invention and 
may be incorporated in the disclosed immunomodulating agents. Accordingly, FcR ligands may comprise, but are not 
limited to, peptides, proteins, protein derivatives or small molecular entities that may or may not incorporate amino 
acids. For example, small molecules derived using modern biochemical techniques such as combinatorial chemistry 
or rational drug design may be employed as long as they provide for the requisite APC uptake. 
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While it must be emphasized that any type of compatible moleculB may be used, the FcR ligands of the 
present invention will preferably comprise one or more peptides. More preferably, the FcR ligand will comprise at 
least a part of a domain of a constant region of an immunoglobulin. In particularly preferred embodiments the FcR 
ligand will comprise one or more domains derived from a constant region of an immunoglobulin molecule. Those 
skilled in the art will appreciate that various immunoglobulin isotypes and allotypes may be employed as desired. 
For example, compatible FcR ligands may be selected from amino acid sequences corresponding to those found in 
the constant regions of IgG, IgE, IgA or IgM. Among other factors, selection of a particular isotype for use as a 
FcR ligand may be predicated on biochemical properties such as binding coefficients or low immunoreactivity 'm the 
species to be treated. Similarly, the selection of a single domain, fragment thereof or multiple domains may be 
determined based on biochemical factors or, ultimately, presentation efficiency. 

Yet, efficient presentation via the endocytic pathway is typically not enough to selectively downregulate 
the immune response with regard to a particular antigen. Accordingly, immunomodulating agents of the present 
invention further comprise an immunosuppressive factor. In accordance with the scope of the present invention the 
immunosuppressive factor may be any compound that, when endocytically processed and presented on the surface 
of an APC in conjunction with a MHC class II complex, will downregulate the immune system. As such, 
immunosuppressive factors may comprise small molecules, peptides, protein fragments, or protein derivatives. In 
preferred embodiments the immunosuppressive factor acts as an antagonist when presented on the surface of the 
APC in that it interferes with the binding of a similarly presented agonist to a selected receptor. In particularly 
preferred embodiments the immunosuppressive factor comprises a T cell receptor antagonist that will associate with 
a T cell receptor without activating an immune response. Further, other embodiments of the invention comprise 
immunomodulating agents incorporating T cell receptor agonists that reduce the immune response to the subject 
autoantigen. 

While any functionally compatible molecule may be used as an immunosuppressive factor in accordance with 
the present invention, those skilled in the art will appreciate that protein fragments or peptides are particularly 
suitable for use in the disclosed compounds and methods. Such molecules are readily processed by the normal 
endocytic pathways and are easily presented in concert with the MHC class II molecules on the surface of the 
antigen presenting cell. Moreover, as the majority of agonist compounds evoking an unwanted immune response are 
typically protein fragments, T cell receptors are usually most responsive to similar fragments whether they are 
agonists or antagonists. In particularly preferred embodiments, the immunosuppressive factor will be an analog of 
a selected peptide or protein fragment that is immunoreactive with a chosen T cell receptor. 

"Peptide analogs" or "analogs," as used herein, contain at least one different amino acid in the respective 
corresponding sequences between the analog and the native protein fragment or peptide. Unless otherwise indicated 
a named amino acid refers to the L-form. An L-amino acid from the nativB peptide may be altered to any other one 
of the 20 L-amino acids commonly found in proteins, any one of the corresponding D-amino acids, rare amino acids, 
such as 4-hydroxyprofine, and hydroxyzine, or a non-protein amino acid, such as B-alanine and homoserine. Also 
included with the scope of the present invention are amino acids which have been altered by chemical means such 
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as methylation (e.g., a-methylvaline), amidation of the C-terminal amino acid by an alkylamine such as ethylamine, 
ethanolamine, and ethylene diamine, and acylation or methylation of an amino acid side chain function (e.g., acylation 
of the epsilon amino group of lysine). 

Methods for selecting efficient peptide antagonists for treating multiple sclerosis (MS) are provided in PCT 
Publication No.: WO 96/1 6086 which has previously been incorporated into the instant application by reference. The 
disclosed methods may be used in concert with the present invention to provide effective immunosuppressive factors 
for incorporation in the disclosed immunomodulating agents. For example, using assays detailed below candidate 
peptide analogs may be screened for their ability to treat MS by an assay measuring competitive binding to MHC, 
T cell proliferation assays or an assay assessing induction of experimental encephalomyelitis (EAE). Those analogs 
that inhibit binding of the native autoreactive peptides, do not stimulate proliferation of native peptide reactive cell 
lines and inhibit the development of EAE (an experimental model for MS) by known autoantigens are useful for 
therapeutics. Those skilled in the art will appreciate that similar types of assays may be used to screen 
immunosuppressive factors for other native peptides (i.e. continuously presented autoantigens) and other immune 
rs. In particularly preferred embodiments the selected immunosuppressive factors comprise analogs of T cell 



More generally, immunosuppressive factors may be derived for a number of diseases having a variety of 
immunoreactive agents without undue experimentation. For example, peptide analog antagonists or agonists may be 
generated for T cell epitopes on both proteolipid protein or myelin basic protein to treat multiple sclerosis. Similarly, 
T cell receptor antagonists or agonists may be derived from T cell epitopes of the pyruvate dehydrogenase complex 
to treat primary biliary cirrhosis. In both cases the derived immunosuppressive factors will be incorporated in a 
immunomodulating agent as described herein and administered to a patient in need thereof. Effective presentation 
of the immunosuppressive factor will selectively reduce stimulation of the autoreactive T cells by native peptide 
thereby relieving the symptoms of the subject immune disorder. 

The selected immunosuppressive factor and FcR ligand, together comprising an immunomodulating agent, 
may be effectively administered in any onu of a number of forms. More particularly, as described above, the 
immunomodulating agents of the present invention may combine any form of the respective elements that are 
functionally effective in selectively suppressing the immune response. For example, the immunomodulating agent may 
comprise a recombinant polypeptide or protein produced using modern molecular biology techniques. In such cases 
the FcR ligand may comprise a fragment of a single immunoglobulin region constant domain or, preferably, the entire 
constant region. In other embodiments the immunomodulating agent may comprise a sterically bound antibody-antigen 
complex wherein the antigen comprises a T cell receptor antagonist or agonist. Other preferred embodiments feature 
an immunomodulating agent comprising a chimeric antibody wherein an immunosuppressive factor is expressed on 
the Fab fragment. In still other embodiments the immunomodulating agent may comprise two covalently linked 
molecules which comprise a effective FcR ligand and immunosuppressive factor respectively. 

Particularly preferred embodiments of the instant invention will employ recombinant nucleotide constructs 
to code for immunomodulating agents comprising a single fusion polypeptide. Those skilled in the art will appreciate 
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that standard genetic engineering technology can provide fusion proteins or chimeras that will comprise at least one 
FcR ligand and at least one immunosuppressive factor. As used herein the terms "chimera" or "chimeric" wOl be 
used in their broadest sense to encompass any polynucleotide or polypeptide comprising sequence fragments from 
more than one source. For example, a genetically engineered polypeptide incorporating a peptide TCR antagonist and 
a single Fc domain from an IgG molecule could properly be termed a chimeric or fusion protein. Similarly, a chimeric 
antibody may comprise a recombinant heavy chains engineered to incorporate a heterologous peptide 
immunosuppressive factor and a wild type light chains. For the purposes of the present invention, it is not necessary 
that the disparate regions be derived from different species. That is, a chimeric antibody may comprise human light 
and heavy chains and an engineered human TCR antagonist expressed in a CDR. Conversely, chimeric 
immunomodulating agents may comprise FcR ligands and immunosuppressive factors derived from different species 
such a human and mouse. As such, one aspect of the present invention comprises recombinant 

polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule comprises at least one nucleotide 
sequence corresponding to a Fc receptor ligand and at least one nucleotide sequence corresponding to an 
immunosuppressive factor. Preferably the immunosuppressive factor will correspond to a T cell receptor antagonist 
or agonist and the Fc receptor ligand corresponds to at least one constant region domain of an immunoglobulin. In 
a particularly preferred embodiment the polynucleotide molecule encodes a nucleotide sequence corresponding to an 
immunoglobulin heavy chain wherein a complementarity determining region has been at least partially deleted and 
replaced with a nucleotide sequence corresponding to a T cell receptor antagonist or agonist. Compositions 
comprising mixtures of immunosuppressive factors may also be used effectively in accordance with the teachings 
herein. 

In any case, DNA constructs comprising the desired immunomodulating agents may be expressed in either 
prokaryotic or eukaryotic cells using techniques well known in the art. See, for example, Maniatis, et aL, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1982 which is incorporated herein by 
reference. In preferred embodiments the engineered plasmid will be transfected into immortal cell lines which secrete 
the desired product. As known in the art, such engineered organisms can be modified to produce relatively high 
levels of the selected immunomodulating agent. Alternatively, the engineered molecules may be expressed in 
prokaryotic cells such as E. coli. Whatever production source is employed, products may be separated and 
subsequently formulated into deliverable compositions using common biochemical procedures such as fractionation, 
chromatography or other purification methodology and conventional formulation techniques. 

Accordingly, another aspect of the invention comprises a method for producing an immunomodulating agent 
for the endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a 
vertebrate comprising the steps of: 

a. transforming or transfecting suitable host eels with a recombinant polynucleotide molecule 
comprising a nucleotide sequence which encodes a polypeptide comprising at least one Fc receptor ligand and at least 
one immunosuppressive factor; 



b. culturing the transformed or transfected host cells under conditions in which said cells express 
the recombinant polynucleotide molecule to produce said polypeptide wherein the polypeptide comprises at least a 
part of an immunomodulating agent; and 

c. recovering said immunomodulating agent. 

5 Similarly, another aspect of the invention comprises transfected or transformed cells comprising a 

recombinant polynucleotide molecule encoding a polypeptide wherein the polypeptide comprises at least one Fc 
receptor ligand and at least one immunosuppressive factor. 

In both of the preceding aspects, the immunosuppressive factor is preferably a T cell receptor antagonist 
or agonist and the Fc receptor ligand preferably comprises at least part of an immunoglobulin constant region domain. 

10 More preferably, the immunomodulating agent comprises a poly peptide or chimeric antibody wherein at least one 
complementarity determining region (CDR) has been replaced with a T cell receptor antagonist or agonist. 

It will further be appreciated that the chimeric antibodies, polypeptides and other constructs of the present 
invention may be administered either alone, or as pharmaceutical composition. Briefly, pharmaceutical compositions 
of the present invention may comprise one or more of the immunomodulating agents described herein, in combination 

15 with one or more pharmaceutical^ of physiologically acceptable carriers, diluents or excipients. Such composition 
may comprise buffers such as neutral buffered saline, phosphate buffered saline and the like, carbohydrates such 
as glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acids such as glycine, 
antioxidants, chelating agents such as EDTA or glutathione, adjuvants (e.g. aluminum hydroxide) and preservatives. 
In addition, pharmaceutical compositions of the present invention may also contain one or more additional active 

20 ingredients, such as, for example, cytokines like B-interf eron. 

In this respect a further aspect of the present invention comprise pharmaceutical compositions for the 
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate 
comprising at least one immunomodulating agent and a pharmaceutically acceptable carrier, said at least one 
immunomodulating agent comprising at least one Fc receptor ligand and at least one immunosuppressive factor. 

25 Similarly, the invention comprises methods for the preparation of a pharmaceutical composition to treat an immune 
disorder comprising combining at least one immunomodulating agent with a physiologically acceptable carrier or diluent 
wherein said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive 
factor. In both of these aspects the immunosuppressive factor may comprise a T cell receptor antagonist or agonist 
and the Fc receptor ligand may comprise at least part of a immunoglobulin constant region domain. Preferably, the 

30 immunomodulating agent will be in the form of a recombinant polypeptide or a chimeric antibody. 

As indicated above, immunomodulating agents comprising chimeric antibodies are a particularly preferred 
aspect of the invention. Such antibodies may be formed by substituting a immunosuppressive factor, typically a 
peptide TCR antagonist, for at least part of one or more of the complementarity determining regions (CDR). As will 
be described more fully in the Examples below, the nucleotide sequence coding for the heavy chain may be engineered 
35 to replace all or part of at least one CDR with a peptide analog of all or part of an autoantigen. Upon expression 
by the proper cell line, the recombinant heavy chains can complex with wild type light chains to form an 
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immunoreactive tetramer displaying two immunosuppressive factors. Those skied in the art will appreciate that the 
immunoglobulin molecules may be selected from the species to be treated so as to minimize the generation of a 
harmful vnmune response (i.e. a human anti-mouse response). As the constant region of the selected immunoglobulin 
is essentially unmodified, this form of immunomodulating agent is readily endocytosed allowing for effective 
presentation of the associated immunosuppressive factor. 

In other forms, the immunomodulating agents of the present invention may comprise an antigen-antibody 
complex wherein the antigen is an immunosuppressive factor. It will be appreciated that modern immunological 
techniques may be used to generate and purify the desired antibodies which are preferably monoclonal. By way of 
example only, a selected peptide antagonist or agonist |i.e. an analog of a peptide autoantigen) may be injected into 
a mouse to provide immunoreactive cells which may then be harvested and immortalized using standard methods. 
K desired, the murine monoclonal may be "humanized" using conventional recombinant procedures leaving a small 
murine variable region expressed on an otherwise human immunoglobulin that will not provoke a harmful immune 
response in a patient. In any case, the monoclonal antibody is complexed with the immunosuppressive factor to form 
the desired immunomodulating agent which may then be formulated and administered as described above. With the 
intact constant region forming the FcR Dgand, phagocytation should be relatively rapid and presentation of the 
attached immunosuppressive factor efficient. 

Although embodiments may comprise the Fc receptor Itgands corresponding to the entire constant region, 
ft must be emphasized that the present invention does not require that the administered immunomodulating agent 
comprise an intact immunoglobulin constant region. Rather, any FcR ligand that can bind to the FcR and undergo 
endocytosis may be used in conjunction with the selected immunosuppressive factor. Specifically, single domains 
of constant regions or fragments thereof may be combined with peptide antagonists to form monomeric polypeptides 
(having a single amino acid chain) that can suppress the immune system in accordance with the teachings herein. 
Such fusion proteins may be constructed which, having the minimum effective FcR ligand andlor immunosuppressive 
factor, may be much more stable thereby facilitating delivery and possibly increasing bioavailability. Moreover, these 
engineered proteins may be able to be administered over a period of time without provoking an immune response as 
is seen when administering whole antibodies of heterologous species. As such, relatively small chimeric polypeptides 
may prove to be effective immunomodulating agents. 

Similarly, non peptide based molecular entities may prove to be efficient FcR ligands, immunosuppressive 
factors or, in combination, immunomodulating agents. Those skilled in the art will appreciate that molecular entities 
(peptide based or non peptide based) that function effectively in a selected role (Le. FcR ligand) may be provided 
using current procedures such as combinatorial chemistry, directed evolution or rational drug design. For example, 
it may be possible to use rational drug design to fashion a small non peptide molecular entity that effectively binds 
to a previously elucidated Fc receptor. The derived FcR ligand may then be covalently linked (or otherwise reversibly 
associated) with an immunosuppressive factor such as a peptide antagonist to provide an immunomodulating agent 
that exhibits particular stability or other desirable traits. 
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Whatever form of immunomodulating agent selected the compositions of the present invention may be 
formulated to provide desired stability and facilitate the selected form of administration. For example, the 
compositions may be administered using all the conventional routes including, but not limited to, oral, vaginal, aural, 
nasal, pulmonary, intravenous, intracranial intraperitoneal subcutaneous, or intramuscular administration. Within 
other embodiments of the invention, the compositions described herein may be administered as part of a sustained 
release implant. Within yet other embodiments, compositions of the present invention may be formulated as a 
lyophilizate or spray dried formulation, utilizing appropriate excipients which provide stability as a lyophilkate, and 
subsequent to rehydration. 

The present invention is useful for the treatment of any vertebrate comprising an immune system subject 
to down regulation. The invention is particularly useful in those vertebrates such as mammals that possess cellular 
immune responses. In preferred embodiments the vertebrate to be treated will bB in a neonatal or infant state. 

In this respect, a further aspect of the invention comprises a method for treating an immune disorder 
comprising administering to a patient a therapeutically effective amount of a pharmaceutical composition comprising 
an immunomodulating agent in combination with a physiologically acceptable carrier or diluent wherein said 
immunomodulating agent comprises at least one Fc receptor Hgand and at least one immunosuppressive factor. For 
this aspect, the immunosuppressive factor may comprise a T cell receptor antagonist and the Fc receptor ligand may 
comprise at least part of a immunoglobulin constant region domain. As previously alluded to, the immunomodulating 
agent will preferably be in the form of a recombinant polypeptide or a chimeric antibody. The methods may be used 
treat immune disorders comprising autoimmune disorders, allergic responses and transplant rejection and are 
particularly useful in treating autoimmune disorders selected from the group consisting of multiple sclerosis, lupis, 
rheumatoid arthritis, scleroderma, insulin-dependent diabetes and ulcerative colitis. 

As discussed above, the compositions, compounds and methods of the present invention are particularly 
useful for inducing tolerance in neonatal or infant mammals thereby preventing or reducing future autoimmunity. The 
term "infant" as used herein, refers to a human or non-human mammal during the period of life following birth 
wherein the immune system has not yet fully matured. In humans, this period extends from birth to the age of about 
nine months while in mice, this period extends from birth to about four weeks of age. The terms "newborn" and 
"neonate" refer to a subset of infant mammals which have essentially just been born. Other characteristics 
associated with "infants" according to the present invention include an immune response which has (i) susceptibility 
to high zone tolerance (deletion/anergy of T cell precursors, increased tendency for apoptosis); (ii) a Th 2 biased helper 
response (phenotypical particularities of neonatal T cells; decreased CD40L expression on neonatal T cells); (iii) 
reduced magnitude of the cellular response (reduced number of functional T cells; reduced antigen-presenting cell 
function); and (iv) reduced magnitude and restricted type of humoral response (predominance of lgrVf i " h , IgD 10 ", B cells, 
reduced cooperation between Th and B cells). In specific nonlimiting embodiments of the invention the disclosed 
immunmodulating agents may be administered to an infant mammal wherein maternal antibodies remain present in 
detectable amounts. In a related embodiment, the pregnant mother may be inoculated with the disclosed 
compositions so as to produce the desired T cell tolerance in the fetus. In any case the induced T cell tolerance 
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may confer resistance to the later development of an autoimmune disease associated with the administered 
immunomodulating agent. 

Regardless as to whether the subject is an infant or full grown, the pharmaceutical compositions of the 
present invention may be administered in a manner appropriate to the disease to be treated (or prevented). The 
quantity and frequency of administration will be determined by such factors as the condition of the patient, and the 
type and severity of the patients disease. Within particularly preferred embodiments of the invention, the 
pharmaceutical compositions described herein may be administered at a dosage ranging from 1//g to 50 mglkg, 
although appropriate dosages may be determined by clinical trials. Those skilled in the art will appreciate that 
patients may be monitored for therapeutic effectiveness by MRI or signs of clinical exacerbation. 

Following administration, it is believed that the immunomodulating agent binds to one or more Fc receptors 
present on the surface of at least one type of antigen presenting cell. Those skilled in the art will appreciate that 
selection of the FcR ligand will, at least to some extent, determine which class of Fc receptor is used to internalize 
the immunomodulating agent. That is, a FcR ligand corresponding to an IgG constant region will be bound by a 
different class of Fc receptor than a FcR ligand corresponding to an IgE constant region. Moreover, as different 
classes of Fc receptors are expressed on different types of antigen presenting cells it is possible to present the 
immunosuppressive factor on selected APCs. For example, an FcR ligand corresponding to an IgG constant region 
is likely to be endocytosed by a macrophage or neutrophil and presented accordingly. This is of interest in that 
certain APCs are more efficient at presenting various types of antigens which, in turn, may influence which T cells 
are activated. 

20 In any case, the entire immunomodulating agent is subjected to receptor mediated endocytosis by the APC 

and usually becomes localized in clathrin-coated vesicles. After internalization, the immunomodulating agent is 
processed for eventual presentation at the surface of the APC. Processing generally entails vesicle transport of the 
immunomodulating agent to the lysosome, an organelle comprising an acidic pH and selected enzymes including 
proteases. Here the immunomodulating agent is digested to provide a free immunosuppressive factor which, for the 

25 purposes of the instant invention, may be in the form of a peptide. In such cases average peptide lengths may be, 
for example, on the order of 5 to 30 amino acids. Following digestion, at least some of the immunomodulating agent 
fragments, including the immunosuppressive factor fragment, are associated w'rth MHC class II molecules in exocytic 
vesicles. The MHC class ^-immunosuppressive factor complex is then transported to the surface of the APC and 
presented to helper T cells. 

30 As pointed out above, preferred embodiments of the invention use a TCR antagonist as the 

immunosuppressive factor presented in concert with the class II MHC molecules. Accordingly, such antagonists (which 
may be peptide analogs) will be used for the purposes of the following discussion. However, it must be emphasized 
that the present invention may be used for the receptor mediated endocytic presentation of any immunosuppressive 
factor that downregulates an immune response. As such, T cell receptor agonists which provide the desired reduction 

35 in immunogenic response may be used as immunosuppressive factors and are in the purview of the present invention. 
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Accordingly, by way of example only, a T cell may have previously been sensitized to an autologous peptide 
agonist corresponding to a fragment of myelin basic protein. In multiple sclerosis this autoagonist is continuously 
presented thereby activating an immune response directed to constituents of the myelin sheath. More particularly, 
the sensitized individual T cells express thousands of receptors which selectively bind to the presented autoagonist 
and signal the cell. When enough of the receptors are bound, the sensitized T cell acts to mount a response i.e. 
secrete interleukin. In the cases where a TCR antagonist is presented in concert with MHC class II molecules the 
T cell will recognize the presented complex but will not be activated. 

Thus, in accordance with the present invention, efficient endocytic presentation of an immunosuppressive 
factor (i.e. an antagonist) inhibits agonist-TCR binding through competition for the receptors. That is, the presented 
TCR antagonist binds effectively to the TCR of a sensitized T cell thereby precluding binding of a presented 
autoantigen or fragment thereof. Yet, unlike an autoantigen-TCR complex, the immunosuppressive factor-TCR complex 
doBS not signal the T cell to mount a response. Thus, the binding of the immunosuppressive factor (non-reactive 
agonist or antagonist) can prevent a T cell from binding enough autoantigen to reach the threshold activation level 
that induces the cell to act. Hence, a harmful immune response to the continuously presented autoantigen comprising 
a natural agonist is averted. 

Presentation of the following non-limiting Examples will serve to further illustrate the principles of the 
present invention. In this regard, a list of abbreviations and corresponding definition used throughout the following 
discussion and the Examples is provided: 

MBP: myelin basic protein, has been implicated in the etiology of multiple sclerosis; 
PLP: proteolipid protein, has been implicated in the etiology of multiple sclerosis; 
PLP1: a peptide fragment of PLP comprising aa residues 139-151; 
PLP-LR: a peptide analog of PLP1, does not activate PLP1 pulsed cells; 
PLP2: a peptide fragment of PLP comprising aa residues 178-191; 

Ig-W: an Ig construct (used herein as a control) comprising the heavy chain variable region of the anti-arsonate 
antibody 91A3, linked to a BalblccZb constant region, and the parental 91A3 kappa light chain; 
Ig-PLPI: the same construct as Ig-W except that the heavy chain CDR3 was replaced with aa residues 139-151 
of PLP; 

Ig-PLP-LR: the same construct as Ig-W except that the heavy chain CDR3 was replaced with a peptide analog of 
aa residues 139-151 of PLP; 

Ig-HA: (used as a control herein) the same construct as Ig-W except that the heavy chain CDR3 was replaced with 
aa residues 110-120 of influenza virus HA; 

PPD: purified protein derivative, whole Mycobacterium tubercuolosis extract used as a control activator. 

For obvious practical and moral reasons, initial work in humans to determine the efficacy of experimental 
compositions or methods with regard to many diseases is infeasible. Thus, during early development of any drug 
it is standard procedure to employ appropriate animal models for reasons of safety and expense. The success of 
implementing laboratory animal models is predicated on the understanding that immunodominant epitopes are 
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frequently active in different host species. Thus, an immunogenic determinant in one spectes, for example a rodent 
or pig, will generally be immunoreactive in a different species such as in humans. Only after the appropriate animal 
models are sufficiently developed will clinical trials in humans be carried out to further demonstrate the safety and 
efficacy of a vaccine in man. Accordingly, for purposes of explanation only and not for purposes of limitation, the 
present invention will be primarily demonstrated m the exemplary context of mice as the mammalian host. Those 
skilled in the art will appreciate that the present invention may be practiced with other mammalian hosts including 
humans and domesticated animals. 

In this respect, experimental encephalomyelitis |EAE), which is used as an animal model for MS, can be 
induced in susceptible strains of mice with myelin autoantigens such as PLP and myelin basic protein (MBP). The 
encephalitogenic activity of these proteins correlates with the presence of peptides which induce in vivo class II 
restricted encephalitogenic T cells and consequently EAE. The peptide corresponding to aa residues 139-151 of PLP 
(PLP1) is encephalitogenic in H-2s SJL mice, and T cell lines specific for PLP1 transfer EAE into naive animals. 
Although the target antigen(s) in human MS is still debatable, the frequency of T cells specific for myelin proteins 
are higher in MS patients than in normal subjects. Silencing those myelin-reactive T cells may be a logical approach 
to reverse MS. As such, this model will be used to demonstrate the advantages of the present invention. 




For the purposes of this application the amino acids are referred to by their standard three-letter or one- 
tetter code. Unless otherwise specified, the L-form of the amino acid is intended. When the 1 -tetter code is used, 
a capital letter denotes the L-form and a small letter denotes the D-form. The one letter code is as follows: A, 
alanine; C, cysteine; 0, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, 
lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; 
W, tryptophan; and Y, tyrosine. 

All peptides used in the following examples were produced by Research Genetic, Inc. (Huntsville, Alabama) 
using solid state methodology and purified on HPLC columns to > 90% purity using conventional methods. PLP1 
peptide (HSLGKWLGHPNKF: SEQ. ID No. 1) encompasses an encephalitogenic sequence corresponding to aa residues 
139-151 of naturally occurring proteolipid protein. PLPLR (HSLG KLLGRPNKF:SEQ. ID No. 2) is an analog of PLP1 
in which Trp144 and His147 were replaced with Leu and Arg (underlined), respectively. PLP1 and PLP LR bind well 
to l-A s class II molecules (i.e. an MHC class II structure produced by a specific strain of mice). PLP2 peptide 
(NTWTTCQSIAFPSK:SEQ. ID No. 3) encompasses an encephalitogenic sequence corresponding to aa residues 178-1 91 
of PLP. This peptide also binds to l-A s class II molecules and induces EAE in SJL mice. HA peptide (sequence not 
shown) corresponds to aa residues 110-120 of the hemagglutinin of the Influenza virus. HA binds to l-E D class II 
molecules and is used here as control peptide. 
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Example II 

Production of Murine Chimeric Im munoglobulins Comprising Exogenous Peptides 
Two immunoglobulin-peptide chimeras, designated Ig-PLPl and Ig-PLP-LR and shown schematically in Figure 
1, were constructed to express peptides PLP1 and PLP-LR as described in Example 1. In both cases, the heavy chain 
CDR 3 loop was deleted and replaced with nucleotide sequences coding for the selected peptide. Conventional DNA 
sequencing analysis indicated insertion of peptide nucleotide sequences in the correct reading frame. 

The genes used to construct these chimeras include the gene coding for the BALBK IgGjh constant region 
as described by Gillian et al., CbII. 33:717,1983, the gene coding for the 91A3 heavy chain variable region as 
described by Ruthban et al., J. Mol. Bio., 202:383-398, 1988, and the gBne coding for the entire 91A3 kappa light 
chain as described by Gary et al., Proc. Natl. Acad. ScL, 84:1085-10B9, 19B7, all of which are incorporated herein 
by reference. The procedures for deletion of the heavy chain CDR3 region and replacement with nucleotide 
sequences coding for PLP1 and PLP-LR are similar to those described by Zaghouani et al. J.Immunol. 148: 3B04- 
3609, 1992 and incorporated herein by reference, for the generation of Ig-NP a chimera carrying a CTL epitope 
corresponding to aa residues 147-161 of the nucleoprotein of PR8 influenza A virus. The same reference reports 
that the CDR3 of the 91 A3 IgG is compatible for peptide expression, and that both class I and class ll-restricted 
epitopes have been efficiently processed and presented to T cells when grafted in place of thB naturally occurring 
segment. 

Briefly, The 91 A3V„ gene was subcloned into the EcoRI site of pUC19 plasmid and used as template DNA 
in PGR mutagenesis reactions to generate 91A3V„ fragments carrying PLP1 (91A3V H -PLP1) and PLP-LR (91A3V„-PLP- 
LR) sequences in place of CDR3. Nucleotide sequencing analysis indicated that full PLP1 and PLP-LR sequences were 
inserted in the correct reading frame (not shown). The 91A3V„-PLP1 and 91A3V„-PLPLR fragments were then 
subcloned into the EcoRI site of pSV^gpt-C^b in front of the exons coding for the constant region of a Balb|cK2b 
which generated pSV2gpt-91A3V H PLP1-CK2b and pSV2-gpt-91A3V H -PLPUR-C^b plasmids, respectively. These 
plasmids were then separately cotransfected into the nonlg producing SP2/0 B myeloma cells with an expression 
vector carrying the parental 91 A3 light chain, pSV2-neo-91A3L. TransfBCtants producing Ig chimeras were selected 
in the presence of geneticin and mycophenolic acid. Transfectants were cloned by limiting dilution and final clones 
secreted 1 to 4 i/g|mL of Ig-PLPl or Ig-PLP-LR (collectively, the Ig-PLP chimeras). The selected cell lines, designated 
lg-PLP1-9B11 and lg-PLP-LR-21A10, are maintained in permanent storage in the inventor's laboratory. 

Chimeric and wild-type antibodies were also used as controls. For example Ig-HA, an IgG molecule carrying 
in place of the D segment the HA1 10-120 T helper epitope from the HA of influenza virus that differs from lg-PLP1 
and Ig-PLP-LR only by the peptide inserted within CDR3. Ig-W is the product of unmodified (wild-type) 91 A3V H gene, 
Balb|cy2b constant region and 91 A3 kappa light chain. Therefore it differs from Ig-PLPl and Ig-PLP-LR in the CDR3 
region which comprises the parental D segment. Finally, lg-PLP2, is a chimeric antibody that carries within the heavy 
chain CDR3 loop aa residues 178-191 of PLP. Conventional cloning, sequencing, and purification procedures were 
used to generate the appropriate cell lines and are similar to those described by Zaghouani et al. (previously cited) 
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and those previously used to generate Ig-HA, Zaghouani et al.. Science. 259:224-227, 1993 also incorporated herein 
by reference. 

Large scale cultures of transfectants were carried out in DMEM media containing 10% iron enriched calf 
serum (Intergen, New York). Ig-PLP chimeras were purified from culture supernatant on columns madB of rat-anti- 
mouse kappa chain mAb and coupled to CNBr activated Sepharose 4B (Pharmacia). Rat-anti-mouse kappa chain mAb 
(RAM 187.1 or ATCC denotation, HB-58) and mouse anti-rat kappa light chain mAb (MAR 18.5 or ATCC denotation, 
TIB 216) were obtained from the ATCC. These hybridomas were grown to large scale and purified from culture 
supernatant on each other. The rat anti-mouse kappa mAb was used to prepare the columns on which the Ig-PLP 
chimeras were purified from culture supernatant. To avoid cross contamination separate columns WBre used to purify 
the individual chimeras. 

Example III 

Purification of Proteolioid Protein 

Native proteolipid protein or PLP was purified from rat brain according to the previously described procedure 
of Lees et al., in Preparation of Proteolipids , Research Methods in Neurochemistry, N. Marks and R. Rodnight, editors. 
Plunemum Press, New York, 1978 which is incorporated herein by reference. 

Briefly, brain tissue was homogenized in 2/1 v/v chloroform/methanol, and the soluble crude lipid extract 
was separated by filtration through a scintered glass funnel. PLP was then precipitated with acBtone and the pellet 
was redissolved in a mixture of chlorof orm/methanol/acetic acid and passed through an LH-2D-1D0 sephadex column 
(Sigma) to remove residual lipids. Removal of chloroform from the elutes and conversion of PLP into its apoprotein 
form were carried out simultaneously through gradual addition of water under a gentle stream of nitrogen. 
Subsequently, extensive dialysis against water was performed to remove residual acetic acid and methanol. 



e IV 

le Anti 

PLP1 and PLP-LR peptides prepared in Example I were coupled to KLH and BSA as described in Zaghouani 
et al., Proc. Natl. Acad. Sci USA. 88:5645-5649, 1991 and incorporated herein by reference. New Zealand white 
rabbits were purchased from Myrtle's Rabbitry (Thompson Station, TN). The rabbits were immunized with 1 mg 
peptide-KLH conjugates in complete Freund's adjuvant (CFA) and challenged monthly with 1 mg conjugate in 
incomplete Freund's adjuvant (IFA) until a high antihody titer was reached. The peptide-BSA conjugates were 
coupled to sepharose and used to purify anti peptide antibodies from the rabbit anti-serum. 
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Example V 

it Anti-Peptide Antibodies 

Capture radioimmnoassays (RIAj were used to assess expression of PLP1 and PLP-LR peptides on an IgG 
molecule using Ig-PLPI and Ig-PLP-LR made as described in Example II. 

Microtiter 96-well plates were coated with the rabbit anti-pBptide antibodies made in Example IV (5 /^(mL) 
overnight at 4°C and blocked with 2% BSA in PBS for 1 hour at room temperature. The plates were then washed 
3 times with PBS, and graded amounts of Ig-PLPI and Ig-PLP-LR were added and incubated for 2 hours at room 
temperature. After 3 washes with PBS, the captured Ig-PLPI and Ig-PLP-LR were detected by incubating the plates 
with 100 x 10 3 cpm 125 l-labeled rat anti-mouse kappa mAb for 2 hours at 37°C. The plates were then washed 5 
times with PBS and counted using an LKB gamma counter. Shown are the mean ± SD of triplicates obtained with 
27 /yglmL of chimeras. 

As shown in Figure 2, the rabbit antibodies directed to synthetic PLP1 and PLP-LR peptides recognized the 
chimeric antibodies Ig-PLPI and Ig-PLP-LR produced in Example II. More specifically, when Ig-PLPI and Ig-PLP-LR 
were incubated on plates coated with rabbit anti-PLPI they were captured in significant quantity and bound labeled 
rat anti-mouse kappa chain mAb (Fig. 2A). Similarly, both Ig-PLPI and Ig-PLP-LR were captured by rabbit anti-PLP-LR 
(Fig. 2B). Conversely, Ig-W, the wild type 91 A3 murine antibody without an exogenous peptide and an IgM control 
antibodies (not shown), did not show significant binding to the rabbit antibodies. Ig-PLP1 bound to both anti-PLPI 
and anti-PLP-LR better than did Ig-PLP-LR, indicating that structural differences affected accessibility of the peptides 
to the rabbit antibodies. Further, the results shown in Figure 2 indicate that peptide expression on the chimeras did 
not alter heavy and light chain pairing because the rabbit antibodies bind to the PLP peptide on the heavy chain and 
the labeled rat anti-mouse kappa binds an the light chain. 



Example VI 

Antigen Specific T Cell Line Proliferation Assays 

PLP 1 -specific T cell hybridomas 5B6 and 4E3 and the IL-2 dependent HT-2 T helper cells were obtained 
from The Eunice Kennedy Shriver Center, Waltham, MA. The 5B6 and 4E3 T cells recognize the peptide PLP1 in 
association with l-A s class II MHC and produces IL-2 when incubated with it as reported by Kuchroo et a!., J. 
Immunol. 153:3326-3336, 1994 which is incorporated herein by reference. Conversely, Kuchroo et al. report that 
when stimulated with PLP1 and then with PLP-LR both 5B6 and 4E3 cells no longer produce IL-2. Similarly, 
stimulation of T cell hybridomas with PLP1 in the presence of PLP-LR apparently inhibits IL-2 production. 

Using substantially the same technique as Kuchroo et al., activation of the T cell hybridomas for various 
agonists was performed as follows. Irradiated (3,000 rads) splenocytes from SJL mice were used as antigen 
presenting cells (APCs) for this Example. The irradiated splenocytes were incubated in 96-well round bottom plates 
(5 x 10 6 cells|well|50 /A) with graded concentrations of antigens (100 //I/well). After one hour, T cell hybridomas, 
i.e. 5B6 or 4E3 (5 X 10* cells|well/50 /vl) were added and the culture was continued overnight. Activation (or 
proliferation) of the T cells was assessed by measuring production of IL-2 in the culture supernatant. This was done 
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by ^-thymidine incorporation using the IL-2 dependent HT-2 cells. That is, when IL-2 is present (i.e. secreted by 
activated T cells) the HT-2 cells proliferate, incorporating labeled thymidine from the surrounding media. 

The culture media used to carry out these assays was DMEM supplemented with 10% FBS, 0.05 mM 2- 
mercaptoethenol, 2 mM glutamine, 1 mM sodium puryvate and 50 jt/g/mL gentamycin sulfate. Briefly, culture 
5 supernatants (100 //l/well) were incubated with HT-2 cells (1x 10 4 cells/well/ 100 //I) in 96-well flat bottom plates 
for 24 hours. Subsequently 1 f/Z\ 3 H-thymidine was added per well and the culture was continued for an additional 
12-14 hours. The cells were then harvested on glass fiber filters and the non incorporated 3 H-thymidine was washed 
away. Incorporated thymidine was then counted using the trace 96 program and an Inotech p counter. It will be 
appreciated that those wells containing higher levels of IL-2 (secreted by the activated T cell hybridoma lines) will 

10 induce higher levels of HT-2 cell proliferation and register increased levels of ^thymidine incorporation. 

The results of the aforementioned assay using two different T cell lines are shown in Figure 3. Specifically, 
T cell hybridomas 4E3 (Fig. 3A) and 5B6 (Fig. 3B) produced substantial levels of IL-2 following stimulation by APCs 
previously incubated with Ig-PLPI, PLP1 and native PLP. The negative controls Ig-W, Ig-HA, and PLP2 peptide did 
not induce the production of IL-2 by the T cells. Similarly, both Ig-PLP-LR and PLP-LR peptide did not stimulate 5B6 

15 and 4E3 to produce significant levels of IL-2. These last results are not unexpected because the PLP-LR peptide 
is known to negate rather than stimulate IL-2 production. The concentration of antigen was 0.1 /yM for Ig-PLPI, 
Ig-PLP-LR, Ig-HA, and Ig-W; 1 yt/M for PLP1, and PLP2 peptides; and 1.7 //M for PLP. Each value represents the 
mean ± SD of triplicate wells. 

These results indicate that lg-PLP1 was presented to the T cell hybridomas in a manner conducive to 

20 activation. Steric hindrance appears to preclude the simultaneous direct binding of the whole antibody to the MHC 
structure and TCR. As T cells will not react to soluble proteins, it appears that the PLP1 peptide was released from 
the Ig by endocytic processing and bound MHC class II l-A s molecules. Accordingly, the regions flanking the PLP1 
peptide do not appear to interfere with the endocytic processing of Ig-PLPI or the binding of the PLP1 peptide to 
the MHC class II structure. 

25 Example VII 

Presentation of PLP1 Peptide to T Cells Via lq-PLP1 
In spontaneous immune disorders, exposure and continuous endocytic presentation of an autoantigen may 
generate significant levels of MHC-autoantigen complexes. Currently many immune diseases lack an effective in vitro 
model for replicating this continuous presentation affording a serious impediment to the development of effective 

30 treatments. Due to relatively inefficient internalization mechanisms or the previously discussed limitations relating 
to free peptides, relatively high levels of natural antigens are required to provide the desired stimulation. Accordingly, 
one aspect of the present invention is to provide an in vitro model for the continuous endocytic presentation of 
agonist ligands. 

More particularly, the present invention provides methods for the effective in vitro endocytic presentation 
35 of a T cell antagonist comprising the steps of: 

a. providing a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and 
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b. combining said medium with a immunomodulating agent containing composition wherein the 
composition comprises an immunomodulating agent having at least one Fc receptor ligand and at least one 
immunosuppressive factor and a compatible carrier. 

Preferably the immunosuppressive factor will be at least one T cell receptor antagonist and the Fc receptor 
5 ligand will be at least part of a immunoglobulin constant region domain. Further, in preferred aspects of the invention 
the immunomodulating agent will comprise a recombinant polypeptide or a chimeric antibody. 

In this respect, Ig-PLP1 (or any immunoglobulin associated agonist) may be used for the purpose of 
establishing a peptide delivery system that could efficiently operate through the endocytic pathway and generate high 
levels of agonist ligands such that it provides an in vitro system to investigate the immune system. In particular, 
10 the disclosed system may be used to investigate antagonism in a situation similar to the in vivo presentation of 
autoantigens. 

To demonstrate that immunoglobulin associated agonists may be used to mimic continuous endocytic 
presentation of antigens, T cell activation assays were performed with free PLP1 peptide, native PLP, and Ig-PLPI. 
The results of the assays are shown in Fig. 4. 

15 Specifically, different concentrations of the three antigens (i.e. agonists) were incubated with irradiated 

SJLIJ splenocytes which were subsequently associated with 4E3 T cell hybridomas. IL-2 production was measured 
by 3 H-thymidine incorporation using the IL-2 dependent HT-2 cells as described in Example VI. Each point represents 
the mean of triplicates. The standard deviation did not exceed 10% of the mean value. 

Fig. 4 shows that, although the maximum activation levels varied among the three different agonists, the 

20 levels required to stimulate the T cells were much lower for ig-PLPl than for either free PLP1 or native PLP. That 
is, it took substantially less Ig-PLPl to stimulate the cell line than either the native PLP or the free peptide (on the 
order of 1(100). Specifically, stimulation to half the maximum level required less Ig-PLPl (0.005 zvM) than PLP (0.5 
pm or PLP1 peptide (0.6 /vM). These results indicate that the PLP1 T cell epitope is better presented by Ig-PLPl 
than by native PLP or by synthetic PLP1 peptide. Although the plateau of IL-2 production was higher when the T 

25 cell activator is free PLP1 synthetic peptide it requires substantially higher agonist levels that may be difficult to 
obtain in vivo over an extended period. 

While not limiting the present invention in any way, it appears that the efficacy of Ig-PLPl in peptide 
delivery is related to FcR mediated internalization and access to newly synthesized MHC molecules. More 
particularly, native PLP appears to internalize rather ineffectively by simple fluid phase pinocytosis while free PLP1 

30 peptide appears to simply bind to empty MHC class II molecules at the cell surface. The ineffectual presentation 
of these forms of the autoantigen is clearly illustrated by Fig. 4 which unambiguously shows that ig-PLPl is more 
efficient in presenting PLP1 peptide in combination with MHC class II molecules than either the free peptide or the 
native protein. 
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Exampla VIII 

Inhibition of T Cell Activation In vitro 
Antagonism of PLP1, PLP, and tg-PLPI T cell activation by Ig-PLP-LR was detected using a prepulsed 
proliferation assay. 

5 Irradiated (3,000 rads) SJL splenocytes (used as APCs) were incubated in 96-well round bottom plates (5 

x 10 6 cells/well/50 //I) with the selected agonist (1 //M PLP1 peptide, 0.05 //M lg-PLP1 or 7 //M PLP) and various 
concentrations of antagonist (100 //l/well) for 1 hour. Subsequently, 4E3 T cell hybridomas (5 X 10 4 cells/well/50 
were added and the culture was continued overnight. IL-2 production in the supernatant, determined as in 
Example VI using HT-2 cells, was used as measure of T cell activation. The results of this assay are shown in 
10 Figure 5. 

More particularly. Figures 5A, 5B and 5C show antagonism of free PLP1 peptide (5A), lg-PLP1 chimeric 
immunoglobulin (5B) and native PLP (5C) respectively. The antagonists were Ig-PLP-LR (squares) and PLP-LR (circles! 
with controls of Ig-W (diamonds) and PLP2 (triangles). 

Cpm values obtained when the APCs were incubated with the agonist but no antagonist was used as 

15 control thymidine incorporation. This value was 7,503 ± 1,302 for Ig-PLPI; 31,089 ± 3,860 for PLP1 peptide; and 
8,268 ±915 for PLP. The cpm value obtained when the APCs were incubated with no agonist or antagonist was 
used as background (BG). This value was 1,560 ± 323 for lg-PLP1; 2,574 ± 290 for PLP1 peptide; and 2,127 
± 177 for PLP. The percent control thymidine incorporation was calculated as follows: [(cpm obtained in the 
presence of test antagonist) • (BG)] / [(cpm control thymidine incorporation value) - (BG)]. Each point represents the 

20 mean of triplicates. 

As previously discussed, the potency of lg-PLP1 chimeras in peptide loading onto MHC class II molecules 
may resemble in vivo autoimmune circumstances where a continuous supply of antigen often allows for abundant 
generation of self peptides which can trigger T cell aggressively. Figure 5A (PLP1 agonist) shows that when T cells 
were incubated with APCs in the presence of both PLP1 and Ig-PLP-LR, a substantial decrease in IL-2 production 

25 occurred as the concentration of Ig-PLP-LR increased. A similar decline in IL-2 production was evident when the 
synthetic PLP-LR peptide was used during T cell activation with PLP1 peptide. Conversely, antagonistic effects were 
not observed with the control Ig-W immunoglobulin and the PLP2 peptide. Inhibition of IL-2 production to half the 
maximum level (60% control thymidine incorporation) required only 0.4 fjM Ig-PLP-LR versus 9 /jM PLP-LR peptide 
indicating a much more efficient presentation of, and T cell antagonism by, Ig-PLP-LR. 

30 Further evidence that the chimeric immunoglobulin is more efficient than the free peptide in T cell 

antagonism is shown in Figs. 5B and 5C. Specifically, Fig. 5B shows that Ig-PLP-LR inhibited T cell activation 
mediated by lg-PLP1 while free PLP-LR, like the negative control PLP2 peptide, did not show any significant 
antagonism. Significantly, Fig. 5B also shows that Ig-W, the wild type 91 A3 immunoglobulin without any exogenous 
peptide exhibits partial inhibitory activity in lg-PLP1 mediated T cell activation. It is believed that this may be the 

35 result of competition for binding to the FcR on the APCs because both lg-PLP1 and Ig-W share identical lgG2b 
constant regions. A maximum of 50% inhibition in IL-2 production was seen when the activation of T cells by Ig- 
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PLP1 was carried out in the presence of Ig-W. Thus, Ig-W would compete with Ig-PLPI for FcR binding and 
internalization thereby diminishing the activation of T ceHs. That is, as the concentration of Ig-W increases, less Ig- 
PLPI will bind to FcR and be internalize by the APCs resulting in a diminished presentation and corresponding IL-2 
production. It is important to note that this Ig-W mediated reduction in response is not the result of antagonistic 
5 effects but rather simply a result of competition for FcR binding. That is, the presented Ig-W epitopes are not TCR 
antagonists for PLP1 and do not interact with the PLP1 specific TCRs. 

In contrast to Fig. 5B, Fig. 5C shows that Ig-PLP-LR, but not Ig-W, significantly reduces the activation of 
T cells by native PLP. As Ig-W is likely internalized in a different manner than native PLP, (Fc receptor versus simple 
fluid phase pinocytosis) there should not be any direct competition for uptake and processing and hence no inhibition. 

10 

For the sake of convenience the results shown in Figure 5 are summarized in Table 1 immediately below. 
When APCs were incubated with PLP1 peptide in the presence of Ig-PLP-LR there was no activation of the PLP1- 
specific T cell hybridomas (Figure 5a). Moreover, when the activation of T cells by native PLP and lg-PLP1 was 
carried out in the presence of various concentrations of Ig-PLP-LR, IL-2 production (i.e. T-cell activation) declined as 

15 Ig-PLP-LR increased. However, free PLP-LR peptide failed to inhibit T cell activation mediated by native PLP or Ig- 
PLPI. These two lines of evidence indicate that the principal mechanism for Ig-PLP-LR mediated inactivation of T 
cells was likely to be endocytic presentation and TCR antagonism rather than direct blockage of MHC class II 
molecules on the cell surface. 

In the table below a plus sign indicates inhibition of IL-2 production and therefore antagonism, while a minus 

20 sign indicates little or no inhibition of IL-2 production and therefore little or no antagonism. 

Table 1. 

Ig-PLP-LR and PLP LR Mediated T Cell Antagonism. 

25 




Antagonist PLP1 PLP Ig-PLPI 



Ig-PLP-LR 



35 



The results of the foregoing example indicate that the FcR mediated uptake and subsequent processing of 
a peptide antagonist are compatible with efficient presentation by the antigen presenting cell. This is extremely 
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unexpected in view of the prior art where the delivery of free peptide analogs was assumed to provide efficient 
antagonism through direct competition for MHC or TCR binding sites. 

Example IX 

5 Characterization of Mechanism for Antagonism by lo-PLP-LR 

Using an assay similar to the one performed in Example VIII, it was demonstrated that competition for direct 
binding to the Fc receptor is not, in and of itself, a likely mechanism for Ig-PLP-LR mediated antagonism. 

SJL splenic APCs were incubated with native PLP (6.8 fjM) in the presence of 2 jjM lg-PLP2, Ig-PLP-LR, 
or Ig-W and assayed for IL-2 production by 3 H-thymidine incorporation using HT-2 cells as described in the previous 
10 Examples. Ig-PLP2 was prepared as in Example II using the sequence detailed in Example I. The % control thymidine 
incorporation was calculated as in Example VIII. Results of the assay are shown in Fig. 6 wherein each column 
represents the mean ± SO of triplicates. 

As with the results shown in Fig. 5B, the present Example supports the position that both efficient 
presentation on the MHC class II structure and an effective peptide analog provide the most significant results. That 
15 is, even though the lg-PLP2 chimeric antibody is taken up and processed, efficient presentation of the PLP2 peptide 
by l-A s will not preclude activation of the T-cells as it is not an analog of the native PLP agonist. Accordingly, 
simple competition binding to MHC class II molecules on the antigen presenting cells is not likely to produce the 
desire antagonism. 

20 Example X 

In mo Induction of a T Cell Response to PLP1 
By this Example it was demonstrated that, in addition to generating a T cell response in vitro (Example VII), 
the chimeric antibodies of the present invention could be used to generate a cellular response in vivo. Specifically, 
the following Example demonstrates the in vivo priming of PLP1 specific T cells by lg-PLP1. 
25 Six to eight week old SJL mice (H-2 S | were purchased from Harlan Sprague Dawley (Frederick, MD) and 

maintained in an animal facility for the duration of experiments. 

The mice were immunized subcutaneously in the foot pads and at the base of the limbs and tail with 50 
m of Ig-PLPI emulsified in a 200 fj\ mixture of 1:1 v/v PBS/CFA. Ten days later the mice were sacrificed by 
cervical dislocation, the spleens and lymph nodes (axillary, inguinal, popliteal, and sacral) were removed, single cell 
30 suspension were prepared, and the T cell responses were analyzed. The results shown in Figure 7 are those obtained 
with 4 x 10 s lymph node cells/well (7 A) and 10 x 10 s spleen cells/well (7B). The activators PLP1 and PLP2 were 
used at 15 /yg/mL and PPD was used at 5 /vgfmL. 

As with the previous Examples, T cell activation was monitored using a proliferation assay comprising 3 H- 
thymidine incorporation. Here, lymph node and spleen cells were incubated for three days in 96-well round bottom 
35 plates, along with 100 fj\ of a single selected activator, at 4 and 10 x 10 5 cells/100 /vl/well, respectively. 
Subsequently, 1 jt/Ci 3 H-thymidine was added per well, and the culture was continued for an additional 12-14 hours. 
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The cells were then harvested on glass fiber filters, and incorporated 3 H-thymidine was counted using the trace 96 
program and an Inotech /? counter, A control media with no stimulator was included for each mouse and used as 
background. 

Each value shown in Figure 7 was calculated as described in Example VIII 
5 and represents the mean ± SD of triplicates after deduction of background cpms obtained with no activator in the 
media. Similar results were obtained when mice were immunized with 150 //g of Ig-PLP per mouse (not shown). 

Figures 7A and 7B clearly show that, when Iq-PLPI was injected subcutaneously in the foot pads and at 
the base of the limbs and tail, a strong specific T cell response to the PLP1 peptide was induced. While there was 
some variation as to the strength of the reaction among the individual mice, the lymph node and spleen cells of each 

10 produced a significant response upon challenge with the PLP1 peptide. Interestingly there is a significant PLP1 
specific response detected in the spleen, an organ that mostly filters and responds to systemic antigens. One 
possibility that can be put forth to explain these results is that lg-PLP1 , because of it's long half life, was able to 
circulate and reach both the lymphatic and blood circulation and consequently be presented at both systemic and 
lymphatic sites. This is potentially very beneficial when implementing therapeutic regimens for autoimmune disorders. 

15 It was also interesting that some mice show proliferation when the cells are stimulated with PLP2 peptide in vitro. 
Possibly, the fact that this peptide is presented by l-A s like PLP1 allows low affinity cells to bind and generate a 
response. In any case the results are consistent with those provided by the earlier Examples where it was shown 
that Ig-PLPI was efficient in presenting the peptide to T cells in vitro. 



20 Example XI 

In vivo Inhibition of a T Cell Response to PLP1 
As seen in the previous Example, Ig-PLPI is capable of priming T cells in vivo and generates a potent 
immune response when exposed to the agonist PLP1 peptide. This Example demonstrates that the administration 
of a peptide antagonist in the form of a chimeric antibody immunomodulating agent can substantially reduce the 
25 immune response generated by the endocytic presentation of an agonist ligand. Specifically, this Example 
demonstrates that co-administration of Ig-PLP-LR with Ig-PLPI significantly reduces the immune response to PLP1 
peptide. 

Mice were co-immunized with mixtures of either 50 f/g Ig-PLPI and 150 //g Ig-PLP-LR or 50 /yg lg-PLP1 
combined with 150 /vg Ig-W. In particular, individual mice from three groups 14 mice per group) were injected sc. 

30 as in Example X with a 200 fj\ mixture (PBS/CFA, 1:1 v/v) containing one of the following mixtures: 50 z/g Ig-PLPI 
and 150 /vg Ig-PLP-LR; 50 /yg Ig-PLPI and 150 /yg Ig-W; or Ig-PLPI and 100 /yg PLP-LR peptide. Splenic and lymph 
node T cell responses were analyzed at day 10 post immunization using the protocol set forth in Example X. The 
lymph node cells were assayed at 4 x 10 s cells/well and the spleen cells at 10 x 10 s cells/well. The agonist ligand 
was PLP1 at 15 //gfmL. Results for the lymph node and spleen cells, shown in Figs. BA and 8B respectively and 

35 summarized in Table 2 below, represent the mean ± SD of triplicates after deduction of background cpm obtained 
with no agonist in the media. 



WO 98/30706 PCT/US98/00520 

-32- 

Figures 8A and 8B show that, although lg-PLP1 was efficiently presented and induced a strong in vivo T 
cell response (Example XI, it was possible to antagonize such a response by including Ig-PLP-LR in the mixture 
administered to mice. Indeed, when lg-PLP1 was co-administered to mice with Ig-PLP-LR, the subsequent immune 
response to free PLP1 peptide was markedly reduced as shown on thB right half of Figs. 8A and 8B. It appears 
5 that the low PLP1 response for both the spleen and lymph node tissue was a result of PLP-LR antagonism, since 
the co-administration with IgPLPI of the wild type antibody, Ig-W, did not significantly reduce the T cell response. 
These results strongly indicate that it is the efficient in vivo presentation of PLP-LR through the FcR binding and 
endocytic processing of Ig-PLP-LR that is responsible for the reduced cellular response. 

Moreover, as seen in Table 2 immediately below, when free PLP-LR peptide was co administered with Ig- 
10 PLP1 there was no indication that the PLP1 response was reduced. The numbers provided in the table represent 
the percentage values of PLP1 specific proliferation relative to PPD specific proliferation and were derived as follows: 
(mean cpm of triplicates obtained with PLP1 stimulation • mean cpm triplicate BG) /(mean cpm of triplicates obtained 
with PPD - mean cpm triplicate BG) x 100 

15 Table 2 

Ig-PLP-LR But Not Free PLP-LR Peptide Mediates T Cell Antagonism In Vitro 



Ig-PLPI co administered with: 
Ig-PLP-LR PLPLI 



100 28 81 

95 40 91 

78 37 93 

79 25 100 



The results above clearly show that co administration of the free antagonist peptide or the control Ig-W 
lacking an antagonist peptide have little effect on the generated immune response. The lack of antagonist effect 
by free PLP-LR peptide was not due to a net lower amount of injected peptide because the mice were given 
approximately 34 fold more PLP-LR in the free peptide form than in the Ig-PLPLR form (on the basis of a MW of 
35 150,000 D, the 150 /vg of Ig-PLP-LR given to the mice correspond to 1 nmole of Ig that contains 2 nmoles of PLP- 
LR peptide, while with a MW of 1,468 Daltons the 100 /yg of free PLP-LR peptide corresponds to 68 nmoles of 
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peptide). The failure of PLP-LR peptide to inhibit lg-PLP1 mediated T cell activation coupled with the potency of lg- 
PLP-LR in antagonizing Ig-PLPI T cell stimulation supports the belief that Ig-PLP-LR mediated in vivo antagonism is 
likely related to efficient presentation. 

5 Example XII 

Induction of a T Cell Response to an Endocvticallv Presented Antagonist 
Previous Examples have shown that administration of chimeric antibodies comprising a agonist ligand can 
prime immune ceHs in vivo. It was also shown that administration of a chimeric antibody comprising an antagonist 
can reduce a subsequent response to challenge by an agonist ligand. This Example demonstrates that efficient 
10 presentation of an antagonist can prime immune cells in vivo and mount a strong response that could effect the 
reaction of the T cells to an agonist peptide. Specifically, mice co-injected with Ig-PLPI and Ig-PLP-LR develop a 
relatively high proliferative response to PLP-LR and practically no response to PLP1 peptide. 

Lymph node and spleen cells were obtained in the same manner as set forth in Example X following co- 
administration of Ig-PLPI and Ig-PLP-LR. Proliferative responses in individual mice were also measured using the 
15 methods set out in the previous Example following in vitro stimulation with either free PLP1 peptide or PLP-LR 
peptide at 15 /vg/mL. The results of the assays using lymph node and spleen cells are detailed in Figures 9A and 
9B respectively. 

As can be seen from Figure 9, both spleen and lymph nodes developed responses to the antagonist PLP-LR 
but not to the PLP agonist PLP1. Knowing that Ig-PLP-LR induced PLP-LR specific T cells when it was co- 

20 administered with Ig-PLPI, it can be speculated that these PLP-LR-specific T cells downregulate PLP1 specific T cells. 
Conversely, although there was induction of PLP-LR-specific response when free PLP-LR peptide was administered 
with ig-PLPI (not shown), there was no evident reduction in the proliferative response to PLP1. Accordingly, the 
data set forth in the instant example demonstrates that the use of chimeric antibodies comprising an antagonist are 
much more effective for modulating the immune response to an antigen agonist than the free peptide antagonist. 

25 More particularly, in view of the foregoing examples it appears that TCR engagement with PLP-LR-I-A S 

complexes (i.e. MHC-PLP-LR complexes) on the surface of APCs antagonizes T cells rather than stimulates them. 
Accordingly, antagonism by Ig-PLP-LR may occur because efficient presentation of Ig-PLP-LR in endocytic vacuoles 
ensures significant levels of PLP-LR-I A 5 complexes (antagonist complexes) are generated. The amount of complexes 
on the cell surface is proportional to the amount of Ig-PLP-LR offered to the APCs. When PLP1 stimulation is carried 

30 out in the presence of Ig-PLP-LR, both PLP-LR-I-A 5 and PLP1-I A S are present on the surface of a given APC where 
an increase in the concentration of Ig-PLP-LR leads to higher number of PLP-LR-I-A 5 complexes. It will be appreciated 
that approximately 3500 TCR have to be engaged in order for a T cell to be activated and that a given complex of 
MMC class II peptide complex serially engages approximately 200 TCRs. As such, it appears that a T cell is 
antagonized when TCR engagement with PLP-LR-I-A S complexes override engagement with the agonist PLP1-I-A S . 

35 Overall, because of efficient loading of PLP-LR by Ig-PLP-LR, T cell antagonism is achieved by a higher frequency 
of serial triggering of TCR by PLP-LR-I-A S complexes. That is, the efficient uptake and processing of Ig-PLP-LR simply 
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means that too many of the surface MHC complexes present the PLP-LR antagonist to allow the remaining surface 
complexes presenting the PLP1 agonist ligand to engage the number of TCRs to activate the T cell. Therefore, the 
T cells will not be activated as long as the antagonist is presented at a rate that ensures the activation 
concentration of MHC class ll-agonist complexes is not reached on the APC. 

Example XIII 

Lvmph Node Proliferative Responses to Immunization With Ig-PLP Chimeras 
Proliferative responses were measured in micB immunized with individual Ig-PLP chimeras or varying 
mixtures of lg-PLP1 and Ig-PLP-LR. It was observed that Ig-PLP-LR given alone to mice induced T cells which, like 
those induced by lg-PLP1, cross-reacted with both PLP1 and PLP-LR peptides. Surprisingly, however, despite the 
cross-reactivity of the responses, when the chimeras were administered together they displayed a dose dependent 
antagonism on one another resulting in down-regulation of both T cell responses. Finally, antigen specific T cells 
induced either by IG-PLP 1 or by IG-PLP-LR were refractory to down-regulation by peptide mixtures and proliferated 
significantly when they were in vitro stimulated simultaneously with both PLP1 and PLP-LR. These findings indicate 
that both agonist and antagonist peptides exert adverse reactions Dn one another and reveal an anti-parallel 
antagonism and a stringent control of TCR triggering at the level of naive T cells. 

Materials were obtained and mice immunized as described above. Proliferative responses were measured 
by thymadine incorporation as set forth in Example VI above. Lymph node and spleen cells were obtained in the 
same manner as set forth in Example X following co-administration of Ig-PLP! and Ig-PLP-LR. Mice were injected 
with 50/yg Ig-PLPI (10A), 50 pg Ig-PLP-LR |10B), 100 //g PLP1 (IOC) or 100 PLP-LR (10D) in CFA, and 10 days 
later the lymph node cells were in vitro stimulated with the indicated free peptides. The stimulators PLP1, PLP-LR 
and PLP2 were used at the defined optimal concentration of 15 /yg/ml. 

The data illustrated in figs 10A-10D indicate that Ig-PLPI , like PLP1 peptide, induced a specific T cell 
response to PLP1 peptide. Similarly, Ig-PLP-LR, like PLP-LR peptide, induced a specific T cell response to PLP-LR 
peptide. Neither the Ig chimera nor the free peptides induced T cells that significantly reacted with the negative 
control PLPZ, a peptide that is also presented by l-A s class II molecules. Surprisingly, however, the response induced 
by Ig-PLPI cross-reacted with PLP-LR peptide, while the response induced by Ig-PLP-LR cross-reacted with PLP1. 
The responses induced with free PLP1 or free PLP-LR were not cross-reactive. 

Example XIV 

Lvmph Node T cell Proliferative Response to 
Co-Immunization With Ig-PLPI and Ig-PLP-LR 
Mice were injected with the indicated chimeras and 10 days later the lymph nodes cells were in vitro 
stimulated with free peptides, and assayed for proliferation by [ 3 H]thymidine incorporation as detailed above. The 
results are shown in Fig. 11. 
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The number preceding the Ig chimera label indicates the //g amount injected per mouse. The stimulators 
were PPO, 5 i/g/ml; PLP 1, PLP-LR, and PLP2 at 15 pqlml Cells incubated without stimulator were used as 
background (BG). The mice were tested individually and triplicate wells were assayed for each stimulator. To 
standardize the results and eliminate intrinsic individual variability we expressed the results as relative proliferation 
5 estimated as follows: (mean test peptide cpm • mean BG cpm)/(mBan PPD cpm - mean BG cpm). The indicated 
relative proliferation represents the mean ± SD of 5 mice tested individually. The mean cpms ± SD obtained with 
PPD stimulation for the different groups of mice were as follows: 50/yg Ig-PLPI ;1 B,41 3 ± 1330; 50//g Ig-PLP-LR: 
11,224 ± 3481; 50pg Ig-W: 11,513 ± 1,572; 50^ lg-PLP1 + 50/yg Ig-PLP-LR: 16,817 ± 2,B69; 50//g Ig-PLPI 
+ 150/t/g Ig-PLP-LR: 16,156 ± 2006; 50pg lg-PLP1 + 150//g Ig-W: 11,699 ± 1,142; 50//g Ig-PLP-LR + 150i/g 

10 Ig-W: 13,435 ± 1,650; 50^0 lg-PLP1 + 50//g Ig PLP2: 10,056 ± 1,407; and 50,ug Ig-PLP-LR + 50/jg lg-PLP2: 
10,877 ± 563. Filled and hatched bars indicate proliferation to PLP1 and PLP-LR respectively. The proliferation 
to PLP2 peptide was at background levels except where lg-PLP2 was used in the immunization mixture. 

As can be seen in Figure 11, lymph node T cells from a group of mice that were immunized with lg-PLP1 
proliferated equally well to PLP1 and to PLP-LR whereas Ig-W control caused little reaction. Surprisingly, the PLP-LR 

15 response was at background levels. Accordingly, although the responses to the Ig chimeras share cross-reactivity 
between PLPL and PLP-LR peptides, the mixture yielded down regulation rather than additive responses. In fact, the 
data suggest an anti-parallel down regulation among Ig-PLPI (agonist) and Ig-PLP-LR (antagonist). This down- 
regulation appeared to be dose dependent because mice that were injected with a mixture of 50 //g Ig-PLPI and 1 50 
//g Ig-PLP-LR failed to respond to PLPI and mounted responses to PLP-LR that were reduced to levels observed with 

20 mice injected with Ig-PLPI alone. 

One possible explanation for the observed opposite down regulation between IG-PLPI and Ig-PLP-LR is that 
clonal expansion requires an optimal serial triggering with an homogeneous peptide (i.e. all or most of the receptors 
on a single naive T cell must engage one type of peptide in order to expand). Simultaneous stimulation of naive t 
cells with peptides encompassing subtle differences at the TCR contact residues, which may be occurring during 

25 immunizations involving mixtures of Ig-PLPI and Ig-PLP-LR, fails to cause T cell expansion and in vitro proliferation. 

Example XV 

Splenic Proliferative T Cell Responses of Mice 
Co-Immunized with Ig-PLPI and IG-PLP-LR 
30 As shown in Figure 12, spleen cells from the mice described in Example XIV were stimulated with PLP1 

(filled bars) and PLP-LR ( hatched bars.! in triplicate wells and proliferation was measured as above. The results 
were standardized as above using PPD cpms obtained with lymph node T cells because the proliferation of spleen 
cells upon stimulation with PPD was minimal. The indicated relative proliferation represents the meant ± SD of 5 
individually tested mice. 

35 Splenic T cells from these mice failed to respond to PLP-LR stimulation. However, when an additional group of 
mice was immunized with Ig-PLP-LR, both lymph node and splenic cells proliferated to PLP1 as well as to PLP-LR 
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peptide. In the spleen, although the proliferative responses were much lower than in the lymph nodes, additive 
responses were still not observed. Rather, an opposite down-regulatory effect between Ig-PLPI and Ig-PLP-LR was 
observed. Although co-injection of Ig-W with either Ig-PLPI or Ig-PLP-LR did not affect either response, co-injection 
of lg-PLP2 with lg-PLPl increased reactivity to PLP-LR among the T cells induced by Ig-PLPI. 

5 

Example XVI 

IL-2 Production by Splenic Cells of Mice 
Co-Immunized With lo-PLPI and lo-PLP-LR 
To further investigate the opposing down regulation among lg-PLP1 and Ig-PLP-LR, splenic antigen induced 
10 cytokine responses were measured in animals immunized with either a single or both Ig-chimeras. As shown in Fig. 
13, spleen cells (1 X 10 6 per well) from the mice described in Example XIV were stimulated with PLP1 (filled bars) 
and PLP-LR (hatched bars) for 24 hours. Production of IL-2 (13A), INFk (13B), and IL-4 (13C) were measured as 
set forth below. 

Cells were incubated in 96 well round-bottom plates at 10 x 10 s cells|100£/l/well with 1 0O/vl of stimulator, 

15 as above, for 24 hours. Cytokine production was measured by ELISA according to Pharmingen's instructions using 
I00//I culture supenatant. Capture antibodies were rat anti-mouse IL-2, JES6-IAI2;rat anti-mouse IL-4, 1 1 B1 1 ;rat anti- 
mouse IFNk, R4-6A2; and rat anti-mouse IL10, JES5-2A5. Biotinylated anti-cytokine antibodies were rat anti-mouse 
IL-2, JES6-5H4; rat ant imouse IL-4, BVD6-24G2; rat anti-mouse IFNy, XMG 12; and rat anti-mouse IL- 10, JES5- 
16E3) The OD405 was measured on a Spec 340 counter (Molecular Devices! using SOH MAX PRO version 1.2.0 

20 software. Graded amounts of recombinant mouse IL-2, IL-4, My, and IL-10 were included in all experiments in order 
to construct standard curves. The concentration of cytokines in culture supernatants was estimated by extrapolation 
from the linear portion of the standard curve. Cells incubated without stimulator were used as background (BG). 
Each mouse was individually tested in triplicate wells for each stimulator and the indicated cpms represent the mean 
± SO after deduction of BG cpms. Production of IL-10 was also measured, but the results were at background 

25 levels (not shown). 

Upon in vitro stimulation with PLP1 peptide, T cells from Ig-PLPI immunized mice produced IL-2, My, and 
small amounts of IL-4. However, stimulation of the same cells with PLP-LR yielded minimal IL-2 and undetectable 
My or IL-4. Spleen cells from Ig-PLP-LR immunized mice generated IL-2 but no IFNy or IL4 upon stimulation with 
PLP1 peptide. Moreover, PLP-LR peptide stimulation produced only a minimal IL-2 response. In mice immunized with 

30 equal amounts of lg-PLP1 and Ig-PLP-LR all cytokine production was reduced to minimal or background levels upon 
stimulation with either peptide. Co-immunization of Ig-W with either chimera had no measurable effect on cytokine 
production pattern. When the animals were given a 3:1 ratio of Ig-PLP-LR: Ig-PLPI, although the splenic proliferative 
responses and IL-2 production were at background levels, significant amounts of IL-4 and INF^ were evident upon 
stimulation with PLP-LR peptide. Consequently, the excess of Ig-PLP-LR may lead to a mixed but PLP-LR dominant 

35 TCR triggering that induces cells able to produce cytokine but which exhibit no proliferative response. These data 
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indicated that lg-PLP1 and Ig-PLP-LR exerted adverse reactions on one another leading to down-regulation of both 
T cell responses. 

Example XVII 

5 Proliferation of Antigen Experienced T Cells Upon 

Stimulation In Vitro With Mixtures of PLPI and PLP-LR Peptides 
To investigate whether lg-PLP1 and Ig-PLP-LR could display adverse reactions on each other at the level 
of antigen experienced cross-reactive T cells, mice were immunized with lg-PLP1 or Ig-PLP-LR alone and assessed 
for proliferative T cell responses upon in vitro stimulation with varying mixtures of free PLPI and PLP-LR peptides. 

10 

More particularly Mice (4 per group) were immunized with 50/yg lg-PLP1 (14A and 14B) or 50//g Ig-PLP-LR 
(14C and 14D) in CFA, and 10 days later the lymph node (14A and 14C) and spleen (14B and 14D) cells were 
stimulated with the indicated peptides and assayed for [ 3 H]thymidine incorporation as above. The number preceding 
the peptide label indicates the //g/ml amount used for in vitro stimulation. The specific proliferation was estimated 
15 by deducting the mean BG (obtained by incubating cells without stimulator) cpm from the test sample cpm. The 
indicated cpms represent the mean ± SD of 4 individually tested mice. ND, not determined. 

As can be seen in Figs. 14A-140, both lymph node and spleen cells from mice immunized with Ig-PLPI or 
Ig-PLP-LR proliferated equally as well to stimulation with a single peptide as to a mixture of PLPL and PLP-LR. The 
proliferative response to the mixture.in most cases, was even higher than the response to a single peptide stimulation. 

20 

Example XVIII 

IL-2 Production by Antigen Experienced T Cells 
Uoon In Vitro Stimulation With PLP1 (PLP-LR Peptide Mixtures 
To further investigate whether Ig-PLPI and Ig-PLP-LR could display adverse reactions on each other at the 
25 level of antigen experienced cross-reactive T cells, mice were immunized with Ig-PLPI or Ig-PLP-LR alone and 
assessed for cytokine responses upon in vitro stimulation with varying mixtures of free PLPI and PLP-LR peptides. 
The results are shown in Figs. 15A and 15B. 

Spleen cells from lg-PLP1 (15A) and Ig-PLP-LR (15B) immunized mice were stimulated with the indicated 
peptides and tested for IL-2 production by ELISA as in Example XVI. The spleen cells used in these experiments were 
30 from the mice described in Example XVII. The number preceding the name of the peptide represents the //g/mi amount 
used for stimulation. The indicated //g/ml IL-2 values represent the mean d: SD of 4 individually tested mice. 

As indicated by Example XVII, IL-2 production was not decreased upon stimulation of spleen cells with 
varying mixtures of PLP1 and PLP-LR. To the contrary, in most cases of stimulation with peptide mixture IL-2 
production was higher than in stimulation with a single peptide. Again these findings indicate that both agonist and 
35 antagonist peptides exert adverse reactions on one another and reveal an anti-parallel antagonism and a stringent 
control of TCR triggering at the level of naive T cells. 
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In addition to the use of immunomodulating agents comprising T cell receptor antagonists and agonists for 
attenuation of adult immune responses, the same compositions may advantageously be used for the induction of 
tolerance in neonates and infants as demonstrated in the following Examples. 
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b XIX 

ISJUJ Mice Injected with ia-PLPI at Birth 
Resist Induction of EAE During Adult Life 

To demonstrate the advantages of inoculating neonates or infants with the compositions of the present 
invention, newborn mice were administered immunomodulating agents as described herein and exposed to agents for 
the inducement of an autoimmune condition. 

More specifically, neonatal mice (10 mice per group) were injected with 100 //g of affinity chromatography 
purified Ig-PLPI or Ig-W within 24 hours of birth and were induced for EAE with free PLP1 peptide at 7 weeks of 
age. Mice were scored daily for clinical signs as follows: 0, no clinical signs; 1, loss of tail tone; 2 , hind limb 
weakness; 3, hind limb paralysis; 4, forelimb paralysis; and 5, moribund or death. Panel A shows the mean clinical 
score of all mice and panel B shows the mean score of the surviving animals only. EAE was induced by 
subcutaneous injection in the foot pads and at the base of the limbs and tail with a 200 //I IFA/PBS (IvolMvol) 
solution containing 100 //g free PLP1 peptide and 200 m M. tuberculosis H37Ra. Six hours later 5 x 10 9 
inactivated B. pertussis were given intravenously. After 48 hours another 5 x 10 a inactivated B. pertussis were 
given to the mice. 

As may be seen in Figs 16A and 16B adult mice recipient of Ig-PLPI in saline at birth resisted the induction 
of EAE by free PLP1 peptide. Indeed, the clinical scores were much less severe in those mice than in animals 
recipient of Ig-W, the parental wild type Ig without any PLP peptide. In addition, contrary to those mice which 
received Ig-W, mice injected with Ig-PLPI showed no relapses (figure 1BB). 

Example XX 
In Vivo Presenta tion of lo-PLPI bv Neonatal 
Thymic and Splenic Antigen Presenting Cells 

In order to confirm the clinical results observed in Example XX, cytokine responses were measured in 
neonatal mice. The data obtained is shown in Fig. 17. 

Specifically, neonates (5 mice per group) were injected with 100 ^ Ig-PLPI or Ig-W within 24 hours of 
birth. Two days later the mice were sacrificed, and pooled thymic (17A) and splenic (17B) cells were irradiated and 
used as APCs for stimulation of the PLP1 -specific T cell hybridoma 4E3 as described above. IL-2 production in the 
supernatant which was used as a measure of T cell activation was determined using the IL-2 dependent HT-2 cell 
line as described by V.K. Kuchroo et al. J. Immunol. 153, 3326 (1994) incorporated herein by reference. The 
indicated cpms represent the mean ± SD of triplicates. 

The administered Ig-PLPI was efficiently presented by neonatal APCs. Both thymic (17A) and splenic (17B) 
APCs from neonate recipients of IG-PLPI activated a T cell hybridoma specific for PLP1 peptide without addition 
of erogenous antigen. APCs from neonate recipients of Ig-W were unable to activate the T cell hybridoma. 
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Example XXI 

Reduced Splenic Proliferative T cell 
Response in Mice Recipient of Iq-PLPI at Birth 
To further confirm the results observed in the previous two Examples, proliferative responses were measured 
5 in mice inoculated with an hnmunomodulating agent at birth. The results are shown in Figs. 18A and 18B. 

Neonates were injected intraperitoneal (i.p.)within 24 hours of birth with 100 //g Ig-PLPI or Ig-W in saline. 
When the mice reached 7 weeks of age they were immunized with 100 /vg free PLP1 peptide in 200 //I CFA/PBS 
(1vol/1vol) s.c. in the foot pads and at the base of the limbs and tail. Ten days later the mice were sacrificed, and 
(18A) the lymph node ( 0.4 x 10 6 cells/well) and (18B) the splenic (1 X 10 6 cells/well) cells were in vitro stimulated 
10 for four days with 15 //g|ml free PLP1 or PLP2, a negative control peptide corresponding the encephalitogenic 
sequence 178-191 of PLP (13). One //Ci/well of[ 3 H]thymidine was added during the last 14.5 hours of stimulation, 
and proliferation was measured using an Inotech /?-counter and the trace 96 Inotech program. The indicated cpms 
represent the mean ± SO of triplicate wells for individually tested mice. The mean cpm ± SD of lymph node 
proliferative response of all mice recipient of lg-PLP1 and Ig-W was 34,812 ± 7,508 and 37,026 ± 10,133, 
15 respectively. The mean splenic proliferative response was 3,300 ± 3,400 for the Ig-PLPI recipient group and 
14,892 ± 4,769 for the Ig-W recipient group. 

Mice recipient of Ig-PLPI at the day of birth, like those injected with Ig-W, developed equivalent adult lymph 
node T cell proliferative responses to PLP1 when they were immunized with free PLPi peptide in CFA (18A). 
However, the splenic proliferative response was markedly reduced in the mice recipient of Ig-PLPI (18B) thus 
20 indicating the inducement of tolerance. Neither group of mice showed a significant proliferative response to PLP2, 
a negative control peptide presented by l-A" class II molecules like PLP1. 



Example XXII 

Lvmoh Node T Cell Deviation in Mice Tr eated With lo-PLPI at Birth 
25 To further demonstrate the induction of tolerance in infants or neonates, cytokine responses were measured 

in were measured in mice inoculated with an immunomodulating agent at birth. The results are shown in Figs. 19A- 
19C. 

In particular, lymph node cells (4 x 10 s cells/well) from the mice described in Example XXI were stimulated 
in vitro with free PLP1 or PLP2 (15 z/g(ml) for 24 hours, and the production of IL-2 (19A), IL-4 (19B), and INFk 
30 (190 was measured by ELISPOT as described in Example XVI using Pharmingen anti-cytokine antibody pairs. The 
indicated values (spot forming units) represent the mean ± SD of 8 individually tested mice. 

The results show cytokine production patterns were affected by the inoculation of the neonatal mice. 
Lymph node cells from mice recipient of Ig-W at birth produced, upon stimulation with PLP1, IL-2 but not INFv or 
IL-4. In contrast, cells from mice recipient of lg-PLP1 were deviated and instead produced IL-4. No cytokine 
35 production was observed upon stimulation with PLP2 peptide. 
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Example XXIII 

Reduced INF y Production by Splenic T Cells From 
Mice Injected With Ig-PLPI at the Day of Birth 
To confirm the results obtained in Example XXII, spleen cells from the same mice were assayed for cytokine 
responses. The results are shown in Figs. 20A and 20B. 

More specifically, splenic cells (1 X 10 s cells/well) from the mice were stimulated in vitro with free PLP1 
or PLP2 (15 jug/mi) for 24 hours, and the production of IL-2 (20A), IL-4 (20B), and My (20C) in the supernatant 
was measured by ELISA using pairs of anti-cytokine antibodies from Pharmingen according to the manufacture's 
instructions (Example XVI). The indicated amounts of cytokine represent the mean ± SD of 8 individually tested 
mice. 

In the spleen, while cells from mice innnoculate with Ig-W produced IL-2 and My. Conversely, cells from 
mice injected with lg-PLP1 produced IL-2 but failed to produce detectable levels of My. The negative control, PLP2 
peptide, failed to induce cytokine production. 

Example XXIV 

Cytokine Mediated Restoration of Splenic T Cell 
Proliferation in Mice Injected With Ig-PLPI at Birth 

To demonstrate that proliferative responses may be retstored, cells from inoculated neonatal mice were 
exposed to exogonous My. The results are shown in Fig. 21. 

In particular, a group of neonates injected i.p. with 100 //g of Ig-PLPI at birth were immunized with 100 
fjg PLP1 peptide in CFA, as in Example XXI, and in vitro stimulation of splenic cells (1 x 10 6 cells/well) with free 
PLP1 peptide (15 z/glml) was carried out as described in Example XXI but in the presence of 100 units My or IL- 
12. The indicated cpms for each mouse represent the mean ± SD of triplicate wells. 

Surprisingly, addition of erogenous My to splenic cells from the mice recipient of Ig-PLPI at birth restored 
the proliferative response. IL-12, an inducer of My (14), also restored the splenic proliferative response. 

Overall, mice injected at birth with lg-PLP1 develop a lymph node T cell deviation and an unusual My- 
mediated splenic anergy. Interestingly, when these mice were induced for EAE with free PLP1 peptide they developed 
a mild monophasic disease without relapses. Since Igs have long half-lives, an Ig based immunomodulating agent 
may endure for an extended period of time resulting in a continuous and slow release of the immunosuppressive 
factor, as may occur in the usual neonatal tolerization procedures using incomplete Freund's adjuvant with a 
conventional antigen. Consequently, delivery on Igs may allow one to circumvent the use of adjuvant to induce 
neonatal tolerance. Further, internalization of an immunosuppressive factor via FcR and the subsequent processing 
in the endocytic pathway grants access to newly synthesized MHC class II molecules, generating significant amounts 
of MHC-mmunosuppressive factor complexes. These favorable parameters (i.e. FcR-mediated APCs activation, slow 
peptide release, and efficient peptide presentation), may contribute to the induction of lymph node deviation and 
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splenic energy. As with administration of the disclosed compositions to adults, the adjuvant free tolerization strategy 
may be used to silence autoreactive T cells and prevent autoimmunity. 

Those skilled in the art will further appreciate that the present invention may be embodied in other specific 
forms without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
5 invention discloses only exemplary embodiments thereof, it is to be understood that other variations are contemplated 
as being within the scope of the present invention. Accordingly, the present invention is not limited to the particular 
embodiments which have been described in detail herein. Rather, reference should be made to the appended claims 
as indicative of the scope and content of the invention. 
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WHAT IS CLAIMED IS : 

1 . An immunomodulating agent for the endocytic presentation of an immunosuppressive factor on the 
surface of an antigen presenting cell of a vertebrate comprising at least one Fc receptor ligand and at least one 
immunosuppressive factor. 

2. The immunomodulating agent of claim 1 wherein said immunosuppressive factor is selected from 
the group consisting of T cell receptor antagonists, T cell receptor agonists and combinations thereof. 

3. The immunomodulating agent of claim 2 wherein said immunosuppressive factor comprises a 
peptide antagonist. 

4. The immunomodulating agent of claim 3 wherein said peptide antagonist is an analog of a peptide 
agonist capable of activating a T cell response to proteolipid protein. 

5. The immunomodulating agent of claim 1 wherein said at least one Fc receptor ligand comprises 
at least part of a domain of a constant region of an immunoglobulin molecule. 

6. The immunomodulating agent of claim 1 wherein the immunomodulating agent comprises a 
polypeptide. 

7. The immunomodulating agent of claim 1 wherein the immunomodulating agent comprises an 
antibody-antigen complex. 

8. The immunomodulating agent of claim 1 wherein the immunomodulating agent is a chimeric 

antibody. 

9. The immunomodulating agent of claim 8 wherein said chimeric antibody comprises a T cell receptor 
antagonist. 

1 0. The immunomodulating agent of claim 9 wherein said T cell receptor antagonist is expressed within 
at least one complementarity determining region. 

11. A pharmaceutical composition for the endocytic presentation of an immunosuppressive factor on 
the surface of an antigen presenting cell of a vertebrate comprising a compound as set forth in any one of claims 
1-10. 

12. Use of an immunomodulating agent as set forth in any one of claims 1-10 for the preparation of 
a pharmaceutical composition to treat an immune disorder in a patient in need thereof. 

13. The method of claim 12 wherein said immune disorder comprises a disorder selected from the 
group consisting of autoimmune disorders, allergic responses and transplant rejection. 

14. The method of claim 1 3 wherein said immune disorder comprises an autoimmune disorder selected 
from the group consisting of multiple sclerosis, lupis, rheumatoid arthritis, scleroderma, insulin-dependent diabetes 
and ulcerative colitis. 

15. The method of claim 12 wherein said patient is an infant or neonate. 

16. Use of an immunomodulating agent as set forth in any one of claims MO for the preparation of 
a pharmaceutical composition for the induction of T cell tolerance in a patient in need thereof. 



17. The method of claim 16 wherein said T cell tolerance is associated with an autoimmune disorder 
selected form the group consisting of multiple sclerosis, lupus, rheumatoid arthritis, sclerdoerma, insulin-dependent 
diabetes and ulcerative colitis. 

18. The method of claim 16 wherein said patient is an infant or neonate. 
5 19. A method for treating an immune disorder comprising: 

administering to a patient a therapeutically effective amount of a pharmaceutical composition 
comprising an immunomodulating agent in combination with a physiologically acceptable carrier or diluent wherein 
said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive factor. 

10 20. The method of claim 19 wherein said immunosuppressive factor is selected from the group 

consisting of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 

21. The method of claim 19 wherein said immunosuppressive factor is an analog of a peptide agonist 
capable of activating a T cell response to proteolipid protein. 

22. The method of claim 19 wherein said immunosuppressive factor is an analog of a peptide agonist 
15 capable of activating a T cell response to myelin basic protein. 

23. The method of claim 19 wherein said Fc receptor ligand comprises at least part of one domain 
of a constant region of an immunoglobulin molecule. 

24. The method of claim 23 wherein the immunoglobulin molecule is human IgG molecule. 

25. The method of claim 19 wherein said immunomodulating agent comprises a polypeptide. 

20 26. The method of claim 25 wherein said immunomodulating agent comprises a chimeric antibody. 

27. The method of claim 19 wherein said immune disorder comprises a disorder selected from the 
group consisting of autoimmune disorders, allergic responses and transplant rejection. 

28. The method of claim 27 wherein said immune disorder comprises an autoimmune disorder selected 
from the group consisting of multiple sclerosis, lupis, rheumatoid arthritis, scleroderma, insulin-dependent diabetes 

25 and ulcerative colitis. 

29. A method for producing an immunomodulating agent for the endocytic presentation of an 
immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate comprising the steps of: 

transforming or transfecting suitable host cells with a recombinant polynucleotide molecule 
comprising a nucleotide sequence which encodes a polypeptide comprising at least one Fc receptor ligand and at least 
30 one immunosuppressive factor; 

culturing the transformed or transfected host cells under conditions in which said cells express the 
recombinant polynucleotide molecule to produce said polypeptide wherein the polypeptide comprises at least a part 
of an immunomodulating agent; and 

recovering said immunomodulating agent. 
35 30. The method of claim 29 wherein said immunosuppressive factor is selected from the group 

consisting of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 
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31. The method of claim 29 wherein said immunosuppressive factor is an analog of a peptide agonist 
capable of activating a T cell response to myelin basic protein. 

32. The method of claim 29 wherein said Fc receptor ligand comprises at least a part of one domain 
of a constant region of an immunoglobulin molecule. 

5 33. The method of claim 29 wherein said immunomodulating agent comprises a chimeric antibody. 

34. The method of claim 33 wherein said chimeric antibody comprises a heavy chain wherein at least 
one complementarity determining region has been replaced with a T cell receptor antagonist. 

35. A recombinant polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule 
comprises at least one nucleotide sequence corresponding to a Fc receptor ligand and at least one nucleotide 

10 sequence corresponding to an immunosuppressive factor. 

36. The polynucleotide molecule of claim 35 wherein said immunosuppressive factor is selected from 
the group consisting of a T cell receptor antagonist, a T cell receptor agonist and combinations thereof. 

37. The polynucleotide molecule of claim 35 wherein said polynucleotide molecule comprises a sequence 
corresponding to at least part of one domain of a constant region of an immunoglobulin molecule. 

15 38. The polynucleotide molecule claim 37 wherein the immunoglobulin molecule is a human IgG 

molecule. 

39. The polynucleotide molecule of claim 35 wherein said polynucleotide molecule encodes a nucleotide 
sequence corresponding to an immunoglobulin heavy chain wherein a complementarity determining region has been 
at least partially deleted and replaced with a nucleotide sequence corresponding to T cell receptor antagonist. 
20 40. Transfected or transformed cells comprising a recombinant polynucleotide molecule according to 

any one of claims 35 to 39. 

41. A method for the effective in vitro endocytic presentation of an immunosuppressive factor 
comprising the steps of: 

providing a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and 
25 combining said medium with a immunomodulating agent containing composition wherein the 

composition comprises an immunomodulating agent having at least one Fc receptor ligand and at least one 
immunosuppressive factor and a compatible carrier. 

42. The method of claim 41 wherein said Fc receptor ligand comprises at least part of one domain 
of a constant region of an immunoglobulin molecule. 

30 43. The method of claim 41 wherein said immunomodulating agent comprises a polypeptide. 
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EXHIBIT C 



The role of MHC class II molecules in susceptibility to type I 
diabetes: Identification of peptide epitopes and 
characterization of the T cell repertoire 

CHKNO-CTrt CviAof , ftoBV-KANCi Srrwon, Ems, a Ltchuan CrtrNt, JonTomaI; and Hugh O. McDRvmH 
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EXHIBIT D 



TCR Agonist and Antagonist Exert In Vivo Cross-Regulation 
When Presented on Igs 1 



Kevin L. Legge, Booki Min, Aimee E. Cestra, Christopher D. Pack, and Habib Zaghouani* 
Ig-PLPl and Ig-PLP-LR are chimeric Igs expressing proteollpld protein (PLP)-derlved T cell agonist (PLP1) and antagonist 
(PLP-LR) peptides, respectively. Both chimeras, like free PLP1 and PLP-LR peptides, induce in vivo-specific T cell responses. 
However, the responses Induced by Ig-PLPl and Ig-PLP-LR were cross-reactive with both PLP1 and PLP-LR peptides, while 
those induced by free peptides were not. Surprisingly, despite the cross-reoctiviry of the responses, when Ig-PLPl and Ig-PLP-LR 
were administered together into mice, a dosMependent down-regulation of both T cell responses and a reduction of IL-2 pro- 
duction to background levels was observed. In contrast, when T ceils induced by either Ig chimera were stimulated in vitro with 
mixtures of free PLPI and PLP-LR peptides, there was no down-regulation of proliferation or decrease In IL-2 production. These 
data Indicate that Ig-PLPl and Ig-PLP-LR exert adverse reactions on one another at the level of naive T cells, resulting In an 
opposite antagonism. However, naive T cells experiencing either chimera develop inlo cross-reactive cells, acquire resistance to 
TCR triggering by closely related but different peptides, and support responsiveness. The Journal of Immunology, 1998, 161: 
106-111. 



Allered peptides mutated al ihe TCR contact residue(s) 
bind to MHC molecules equally as well as the immu- 
nogenic peptides, yield functional ligands thai engage 
the TCR, and support overall T cell recognition (1-7). These li- 
gands can function as T cell antagonists (2, 3, 5, 7-10), partial 
agonists (9-11), or super agonists (12). While partial and super 
agonism could result from a readjustment of the signaling cascade 
(reviewed in Ref. 13), antagonism may be the consequence of TCR 
spoiling, a phenomenon referring lo TCR occupancy that iriggers 
no signal or an unproductive one at best (14, 15). Proteolipid pro- 
tein (PLP) 3 -derived T ceil agonist (PLPI) peptide, encompassing 
amino acid (aa) residues 139-151 of PLP, functions as on agonist 
and induces encephalitogenic T cells in SJL/J (H-2") mice (16, 17). 
Replacing I44W and I47H with I44L and 147R, respectively, 
within PLPI generates an antagonist peptide, PLP-LR, thai inter- 
feres with TCR triggering by PLPI and inhibits T cell activation 
(7). Because Igs internalize inlo APCs via FcRs, access the endo- 
cytic pathway Tor presentation, and reach newly synthesized MHC 
molecules (18-20), both PLPI and PLP-LR were expressed on 
Igs. The resulting Ig-PLPl and Ig-PLP-LR provided a system to 
assay for antagonism at the endocytic level as might be required 
for the effective amelioration of T cell-mediated autoimmune dis- 
eases (21). Ig-PLPl was presented via the endocytic pathway and 
was a potent activator of T cell hybridomas specific for PLPI 
peptide (21). Similarly, Ig-PLP-LR was efficient in peptide loading 




onto MHC class II molecules and was shown lo function as an 
antagonist. Indeed, Ig-PLP-LR efficiently inactivated PLPI-spe- 
cific T cell hybridomas, regardless of whether they were stimulated 
with free PLPI peptide or with Ig-PLPl chimera (21). In vivo, the 
coadministration of 50 jxg of Ig-PLPl with 150 ug of Ig-PLP-LR 
into SJL/J mice resulted in a reduction lo a background (BG) level 
of response to PLPI peptide but yielded significant proliferation to 
PLP-LR peptide (21). These observations suggested that Ig- 
PLP-LR was cither spoiling TCRs on naive T cells or down-reg- 
ulating the PLPI-specific T cells induced by Ig-PLPl. In an effort 
to understand the underlying mechanism of in vivo T cell antag- 
onism, proliferative and cytokine responses were measured in mice 
that had been immunized with individual Ig-PLP chimeras or vary- 
ing mixtures of lg-PLPI and lg-PLP-LR. We discovered that Ig- 
PLP-LR given alone to mice induced T cells that, like those in- 
duced by lg-PLPI, cross-reacted with both PLPI and PLP-LR 
peptides. Surprisingly, however, the chimeras displayed a dose- 
dcpendcnl antagonism on one another when coadministered, de- 
spite the cross-reactivity of ihe responses; this antagonism resulted 
in a down-regulation of both T cell responses. Finally, Ag-specific 
T cells induced cither by Ig-PLPl or by Ig-PLP-LR were refrac- 
tory to down-regulation by peptide mixtures and proliferated sig- 
nificantly when they were in vitro-slimulated simultaneously with 
both PLPI and PLP-LR. These findings indicate that both agonist 
and antagonist peptides exert adverse reactions on one another and 
reveal an opposite antagonism and a stringent control of TCR trig- 
gering at the level of naive T cells. 

Materials and Methods 

Mice 

We purchased 5- to 8-wk-«ld SJL/J rr 



: (H-2") from Harlan-Sproguc- 



II of the peptides used in this study were purchased from Re- 
starch Genetics (Huntsvilie, AL) and purified by HPLC lo >90% purity. 
PLPI peptide (HSLCKWLGHPDKF) corresponds to aa residues 139-151 
ofPLP. TLP1 is a T cell peptide that is presented by l-A" class II molecules 
and is encephalitogenic in H-2' mice (16, 17). PLP-LR peptide (HSL 
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GK.LLGRPDKF) is a mutant fomi of PLPI, in which the major TCR- 
contacting residues, Trpl44 ant) His 1 47, were replaced with Leu and Arg, 
respectively (7). PLP-LR binds to l-A* equally as well as PLPI and has 
been defined as a TCR antagonist peptide (7), PLP2 peptide (NTWTTC 
QSIAFPSK) corresponds to aa residues 178-191 of PLP and is also pre- 
sented by l-A" class II molecules (22). 

ly-Pl.P chimeras. Nucleotide sequences encoding PLPI, PLP-LR, and 
PLP2 peptides were inserted in place of the D segment within the comple- 
mentarity determining region 3 of the V H gene of the 9 1 A3 anti-arsonalc 
Ab using a previously described PCR mutagenesis procedure (23). The 
91 A3 V H -PLP chimeric genes were then ligatcd to the aeons encoding a 
BALB/c y2b constant region (Oy2b) to form complete heavy chains (21). 
The 9 1 A3 V H -PLP-C>2b genes were colransrcctcd with the parental 9 1 A3 
light chain gene into the non-Ig-sccrcling myeloma B cell line SP2/0 to 
express complete Ig molecules. The resulting lg chimeras were designated 
Ig-PLPI, Ig-PLP-LR, and lg-PLP2, respectively. Transfcctoma cells pro- 
ducing 2 to 4 ^ig/ml or Ig-PLP chimera were grown to large scale in 2-L 
roller bottles, and the chimeras were purified from culture supernatant by 
affinity chromatography on columns made of rat anti-mouse k chain cou- 
pled to CNBr-activatcd Scpharosc 4D (Pharmacia, Uppsala, Sweden) as 
described previously (23). Each Ig chimera was purified using separate 

Immunization of mice with Ig chimeras 

Mice (five per group) were immunized s.c. in the foot pods and ot the base 
uf the limbs and tail with Ig-PLP chimera emulsified in a 200 mixture 
of PDS/CFA (1:1 v/v). The mice were sacrificed aflcr 10 days by cervical 
dislocation, the spleens and lymph nodes (axillary, lateral axillary, and 
popliteal) were removed, single-cell suspensions were prepared, and the T 
cell proliferative response and cytokine production were assessed as de- 

Aisaysfor spleen and lymph node proliferative responses 
Lymph node and spleen cells were incubated in 96-wcll flat-bottom plates 
al4antl 10 X 10 s cclls/100 uJAvcll, respectively, with 100 u.1 ofstimulator 
for 3 days. Subsequently, 1 u.Ci of [ 3 H]thymidinc was added per well, and 
the culture was contirucd for an additional 14.5 h. The celts were subse- 
quently harvested on glass fiber fillers, and incorporated ['HJthymidine 
was counted using the trace 96 program and on Inotcch beta counter 
(Wohlcn, Switzerland). Unless indicated otherwise, the stimulators iverc 
used at the following defined optimal concentrations: PLPI, PLP-LR, and 
PLP2 peptides at 15 ug/ml and purified protein derivative (PPD) of My- 
cobacterium tuberculosis at 5 >ig/ml. 
ELISA screening for spleen cytokine production 
Spleen cells were incubated in 96-wcll round-bottom plates at 10 X I0 3 
cells/100 nl/well with 100 u.1 of stimulator, as described above, for 24 h. 
Cytokine production was measured by ELISA according to the manufac- 
turer's instructions (PharMingcn, San Diego, CA) using 100 u.1 of culture 
supernatant. The capture Abs used were rot anti-mouse IL-2 (JCS6-I A 12), 
rat anti-mouse 1L-4 (I IB!!), rat anti-mouse IFN-v (R4-6A2), and rat 
anti-mouse IL-10 (JES5-2A5), The biotinylatcd onti-cytokinc Abs used 
were rat anti-mouse IL-2 (JES6-5H4), rat anti-mouse IL-4 (BVD6-24G2), 
rat anti-mouse !FN-y (XMG1.2), and rat anti-mousc IL-10 (JES5-I6E3). 
The OD w , was measured on o SpectroMAX 340 counter (Molecular De- 
vices. Mcnlo Park, CA) using SoflMAX PRO version 1.2.0 software. 
Graded amounts of mouse rlL-2, rlL-4. rIFN-y, and rlL-10 were included 
in nil experiments to construct standard curves. The concentration of cy- 
tokines in culture supernatant! was estimated by extrapolation from the 
linear portion of the standard curve. 

Results 

We have demonstrated previously that Ig-PLPI is presented to 
PLPl-specific T cell hybridomas (21). Evidence for Ihe presenta- 
tion of Ig-PLP-LR arose from the observation that Ig-PLP-LR in- 
hibited the activation of PLPl-specific T cell hybridomas during 
stimulation with free PLPI peptide or lg-PLPI. (21). Injecting Ig- 
PLPI into SJL/J mice induced prominent PLPl-specific lymph 
node and splenic T cell proliferative responses (21). The coinjee- 
lion of lg-PLP-LR with Ig-PLPI markedly reduced the response to 
PLPI (21). In these mice, however, we observed significant pro- 
liferative lymph node responses to PLP-LR peptide. We then for- 
mulated ihe hypothesis that Ig-PLP-LR was either spoiling TCRs 
on PLPl-specific naive T cells or inducing T cells thai have a 
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FIGURE 1. Lymph node proliferative responses to immunization with 
Ig-PLP chimeras. Mice were injected with 50 ,ig of Ig-PLPI (a), 50 u.g of 
Ig-PLP-LR (a), 100 MB of PLPI (c), or 100 ug of PLP-LR (d) in CFA; 
After 1 0 days, the lymph node cells were in vitto-stimulated with 1 5 ug/ml 
of free PLPI (•). PLP-LR (O). or PLP2 (A). The resulting proliferation 
was measured by ['Hlthymidinc incorporation. Cells incubated without 
s used as BG. Each mouse was individually tested in trip- 
r each stimulator. Bud the indie 
D after the deduction of BG cpms. 



down-regulatory effect on Ig-PLPI -induced T cells. To investigate 
the in vivo down-regulatory effect of Ig-PLP-LR. on lg-PLPl, we 
proceeded to determine whether Ig-PLP-LR could induce a spe- 
cific T cell response, and, if so, how this response would compare 
with (he response to Ig-PLPI. Furthermore, we sought to deter- 
mine whether the T cell down-regulation was dependent upon the 
dose of Ig-PLP-LR. Accordingly, mice were immunized with Ig- 
PLPI, lg-PLP-LR, PLPI, or PLP-LR, and their lymph node pro- 
liferative responses to free PLPI and PLP-LR peptides were mea- 
sured. The data illustraled in Figure I indicate lhat Ig-PLPI, like 
PLPI peptide, induced a specific T cell response to PLPI peptide. 
Similarly, Ig-PLP-LR, like PLP-LR peptide, induced a specific T 
cell response to PLP-LR peptide. Neither the Ig chimera nor the 
free peptides induced T cells that significantly reacted with the 
negative control PLP2, a peptide that is also presented by l-A" 
class II molecules. Surprisingly, however, the response induced by 
Ig-PLPI cross-reacted with PLP-LR peptide, while the response 
induced by Ig-PLP-LR cross-reacted with PLPI . The responses 
induced' with free PLPI or free PLP-LR were not cross-reactive 
under these experimental conditions (Fig. 1). Stimulation of cells 
from PLP-LR-immunized mice with a higher concentration of 
PLPI peptide resulted in low but significant proliferation (24). 
These observations prompted us to investigate whether Ig-PLP-LR 
acts on Ig-PLPI in a dose dependent-fashion, and whether it is 
subjected to counterregulalion by Ig-PLP 1. As can be seen in Fig- 
ure 2, lymph node T cells from a new group of mice that were 
immunized with Ig-PLPI proliferated equally well to free PLPI 
and PLP-LR peptides. Splenic T cells from these mice foiled to 
respond to free PLP-LR peptide stimulation (Fig. 3). However, 
when an addilional group of mice was immunized whh Ig-PLP- 
LR, both lymph node and splenic cells proliferated to PLP 1 as well 
as to PLP-LR peptide (Figs. 2 and 3). Ig-W, a wild-type molecule 
not carrying any PLP peptide, failed to induce a T cell response in 
either lymphoid tissue (Figs. 2 and 3). When mice were immu- 
nized with a mixture containing equal amounts of Ig-PLPI and 
Ig-PLP-LR, the T cell responses were greatly decreased in com- 
parison wilh immunization with either chimera alone (Figs. 2 and 
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FIGURE 2. Lymph node T celt prolifer 
Hon wich Ig-PLPl and [g-PLP-LR. Mice (five per group) were injected 
with a single Ig chimera or with miirures of Ig chimeras; After 10 days, the 
lymph node cells were in vitrc-stimulaled wilh free PLPI (filled bare) or 
PLP-LR (hatched bars) and assayed for proliferation by ('Hjlhyrnidine 
incorporation. The number preceding the Ig chimera label indicates the 
amount of micrograms that were injected per mouse. The stimulators were 
PPD at 5 u.g/ml or PLPI, PLP-LR, and PLP2 at 1 5 u.g/ml. Cells incubated 
without stimulator were used as BG. The mice were tested individually, 
and triplicate wells were assayed for each stimulator. To standardize i 



ability, v. 



a rclati' 



s: (me 



,jm)/(mean PPD cpm - mean BG cpm). The 
indicated "relative proliferation represents the mean ± SD of five mice 
tested individually. The mean epms ± SD that were obtained with PPD 
stimulation for the different groups of mice were as follows: 50 ng °f 
Ig-PLPl; 16,413 * 1.330; 50 orug Ig-PLP-LR: 1 1,224 * 3.481; 50 tig of 
Ig-W: 11,513 ± 1,572; JO u.g of Ig-PLPl plus 50 Mg of Ig-FLP-LR: 
16.817 i 2,869; 50 ugoflg-PLPI plus 150 ug of Ig-PLP-LR; 16,156 ± 
2,006; 50 ug of Ig-PLPl plus 150 sigof Ig-W: 11,699 ± 1.142; 50 u.g 0 r 
Ig-PLP-LR plus 150 u.g of Ig-W: 13.435 a 1.650; 50 ug of Ig-PLPl plus 
50 ug or lg-PLP2: 10.056 » 1,407; and 50 ug of Ig-PLP-LR plus 50 (ig 
o'flg-PLP2: 10.877 ± 563. The bars indicate the slandardiied p-'" - -"--" 
to free PLPI and PLP-LR peptides. The proliferation to PLP2 j 
at BG levels except where lg-PLP2 was used in the immunizati 



3). Furthermore, the PLPl-spccific lymph node responses were 
lower than responses obtained in mice immunized with Ig-PLP I 
alone and represented only 50% of the PLPI -specific lymph node 
response of mice immunized wilh lg-PLP-LR. Surprisingly, the 
PLP-LR response was at BG levels (Fig. 2). Accordingly, although 
the responses to the Ig chimeras share cross-reactivity between 
PLPI and PLP-LR peptides, immunization with mixtures of Ig 
chimeras yielded down-regulation rather than additive responses, 
n fact, the data argue for an opposite down-rcgula 



Ig-PLPl and lg-PLP-LR. This down-regulation appeared to be 
dose-dependent, because mice that were injected wilh a mixture of 
50 ug of Ig-PLPl and 150 ug of Ig-PLP-LR failed to respond to 
PLPI and mounted responses to PLP-LR that were reduced to the 
levels observed with mice injected wilh Ig-PLPl alone (Fig. 2). 




FIGURE 3. Splenic proliferative T ( 
with Ig-PLPl and lg-PLP-LR. Spleet 
Figure 2 were stimulated with free PLPI (filled bars) or PLP-LR (hatched 
bars) in triplicate wells, and proliferation was measured as described 
above. The results were standardized as described above using PPD cpms 
obtained wilh lymph node T cells, because the proliferation of spleen cells 
wilh PPD was minimal. The indicated relative prolifcr- 
he mean i SD of five individually tested mice. 



Previously, we had concluded that this PLP-LR response was nor- 
mal (21), but in comparison wilh the responses of animals injected 
with Ig-PLP-LR alone, there is a 50% reduction indicating the 
down-regulatory effect of Ig-PLPl on a high dose of lg-PLP-LR 

Neither the PLPI nor the PLP-LR response was afleclcd when 
ig-PLPl or Ig-PLP-LR was coinjcctcd with the wild-type molecule 
Ig-W (Fig. 2). Similarly, when Ig-PLPl and Ig-PLP-LR were sep- 
arately coinjected into animals with lg-PLP2, a chimera presented 
by l-A* class II molecules, the response to cither peptide was un- 
affected (Fig. 2). 

In the spleen, like in the lymph nodes, the proliferative re- 
sponses were not additive (Fig. 3). Rather, an opposite down-reg- 
ulatory efTect between Ig-PLPl and Ig-PLP-LR was seen. Al- 
though a coinjection of Ig-W with either Ig-PLPl or lg-PLP-LR 
did not affect either response, a coinjection or lg-PLP2 with Ig- 
PLPl increased reactivity to PLP-LR among the T cells induced by 
Ig-PLPl. Whether or not a bystander effect (24, 25) emanating 
from PLP2-induced T cells helped Ig-PLPl -induced PLP-LR-re- 
oelive T cells to migrate lo the spleen remains to be investigated. 

To further investigate the opposing down-regulation among Ig- 
PLPl and lg-PLP-LR, splenic Ag-induced cytokine responses 
were measured in Bnimals immunized wilh either a single Ig chi- 
mera or a combination of both. Upon in vitro stimulation with 
PLPI peptide, T cells from Ig-PLP 1 -immunized mice produced 
IL-2, IFN-y, and small amounts of 1L-4 (Fig. 4). However, 
stimulating the same cells with PLP-LR yielded minimal IL-2 and 
undetectable IFN-y or 1L-4 (Fig. 4). Spleen cells from Ig-PLP- 
LR-immunized mice generated IL-2 but no IFN-7 or IL-4 upon 
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FICURE 4. IL-2 production by the s[ 
with Ig-PLPl and Ig-PLP-LR. Spleen cells (I X I0 6 per well) from the 
mice described in Figure 2, which were immunized with single Ig chimeras 
or mixtures of Ig chimeras, were stimulated with PLPI (filled bin) or 
PLP-LR (hatched ban) for 24 h; the production of IL-2 («). IFN-y (A), and 
IL-* (c) was measured by ELISA as described in Maicriali and Methods. 
Lymph node cells were also assayed for cytokine production by ELISA. 
but the results were low and were not reproducible (most likely related to 
highly proliferative T cells reabsorbing the cytokines produced). Triplicate 
wells were used tor each peptide stimulation. Cells incubated without stim- 
ulator peptide were used as BG. The indicated amounU represent the 
mean £ SD of five individually tested mice. The production ofIL-10 was 
te results were at BG levels (data not shown). 



stimulation with PLPI peptide. Moreover, PLP-LR peptide stim- 
ulation produced only a minimal IL-2 response. In mice immu- 
nized with equal amounts of Ig-PLPl and Ig-PLP-LR, oil cytokine 
production was reduced to minimal or BG levels upon stimulation 
with cither peptide. Coinjccting Ig-W with either chimera had no 
measurable effect on the cytokine production partem (Fig. 4). Sig- 
nificant amounts of 1L-4 and IFN-y were evident upon stimulation 
with PLP-LR peptide when the animals were given a 3:1 ratio of 
Ig-PLP-LR Id lg-PLPl, although the splenic proliferative re- 
sponses and IL-2 production were at BG levels (Fig. 4), Conse- 
quently, the excess of lg-PLP-LR may lead to o mixed but PLP- 
LR-dominanl TCR triggering that induces cells which are able to 
produce cytokine but which exhibit no proliferative response. In- 
complete or mixed signaling, which is a form of interference with 
signal one, was shown to have a more pronounced down-regula- 
tory effect on proliferation than on cytokine production (I). None 
of the immunization regimens illustrated in Figure 4 induced de- 
tectable levels of IL-10 (data not shown). 



FIGURE S. Proliferation of Ag-experiencedT cells upon stimulation in 
vitro with mixtures of PLPI and PLP-LR peptides. Mice.'four per group) 
were immunized with 50 ME of Ig-PLPl (o and *) or 50 /ig of Ig-PLP-LR 
(c and d) in CFA; after 1 0 days the lymph node (o and c) and spleen (6 and 
<f) cells were subsequently stimulated with single or mixtures of free pep- 
tides, as indicated to the left or each bar, and assayed for ['H]lhymidine 
incorporation as described Bbove. The number preceding the peptide label 
indicates the amount of micrograms per milliliter that were used for in vitro 
stimulation. The specific proliferation was estimated by deducting the 
mean BG (obtained by incubating cells without stimulator) cpm from the 
test sample cpm. The indicated cpms represent the mean £ SD of Tour 
individually tested mice. 



To investigate whether Ig-PLPl and Ig-PLP-LR could display 
similar adverse reactions on each other at the level of Ag-experi- 
enced, cross-reactive T cells, wc immunized mice with lg-PLPl or 
Ig-PLP-LR alone and assessed the proliferative T cell responses 
and IL-2 production upon in vitro stimulation with varying mix- 
tures of free PLPI and PLP-LR peptides. As can be seen in Figure 
5, both lymph node and spleen cells from mice immunized with 
lg-PLPl or lg-PLP-LR proliferated equally as well to stimulation 
with a single peptide as to a mixture of PLPI and PLP-LR. The 
proliferative response to the mixture, in most cases, was even 
higher than the response to a single peptide slimulation (Fig. 5). 
Similarly, IL-2 production was not decreased when spleen cells 
were stimulated with varying mixtures of PLPI and PLP-LR (Fig. 
6). On the contrary, IL-2 production was higher in most cases of 
stimulation with peptide mixture than stimulation with a single 
peptide. Although both proliferation and IL-2 production were of- 
Icd higher when the slimulation was conducted with the peptide 
mixture, additive responses were not observed. 

Discussion 

The data reported here show that both Ig-PLPl and Ig-PLP-LR are 
immunogenic and induce peptide-specific T cell responses when 
injected into compatible mice in CFA. Surprisingly, however, both 
Ig-PLPl and Ig-PLP-LR induced lymph node T cell responses that 
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FIGURE 6. IL-2 production by Ag-«xp«rienced T cells upon in vitro 
stimulation with PLP1/PLP-LR peptide mixtures. Spleen cells from Ig- 
PLP1 (a) and Ig-PLP-LR. (4) immunized mice were in vitro-stimulated 
with the indicated peptides (illustrated to the left of each bar) and tested for 
IL-2 production by ELISA as described in Figure 4. The spleen cells used 
in these experiments were obtained from the mice described in Figure J. 
The number preceding the name of the peptide represents the amount of 
micrograms per milliliter used for stimulation. The indicated pg/ml IL-2 
values represent the mean £ SD of four individually tested mice. 



jC tive (Fig. 1). Indeed, T cells from mice immunized 

with either lg-PLPl or Ig-PLP-LR reacted with bath PLPI and 
PLP-LR (Fig. 1). This cross-reactivity was specific lo PLPI and 
PLP-LR peptide end was nol observed when the cells were sim- 
ulated wilh PLP2, a peptide also presented by 1-V class II mole- 
cules like PLPI and PLP-LR. The splenic T cell responses of mice 
immunized with Ig-PLP-LR were also cross reactive with both 
peptides, while the responses induced wilh Ig-PLPI showed no 
cross-reactivity wilh PLP-LR. The mechanism underlying the loss 
of cross-reactivity among lg-PLPl -induced T cells subsequent to 
migration to the spleen is unknown. 

Efficient peptide loading onto MHC class 11 molecules by the Ig 
chimeras could generate significanl amounts of MHC/pcptidc 
complexes (19). In addition, (he binding and internalization of Igs 
into APCs via FcRs may up-regulate the expression or costimula- 
tory molecules. Under these circumstances, an immunization with 
Ig-peplide chimeras would be able to prime a larger T cell rep- 
ertoire, including low affinity T cells. 

When lg-PLPl and Ig-PLP-LR were administered together into 
mice, the lymph node as well as the splenic proliferative T cell 
responses were markedly reduced (Figs. 2 and 3). In addition, IL-2 
production was reduced lo BG levels (Fig. 4). These data indicated 
that lg-PLPl and Ig-PLP-LR exerted adverse reactions on one an- 
other, leading lo the down-regulation of both T cell responses. 
Competition for internalization into APCs via FcRs cannot account 
for the opposing effects between lg-PLPl and Ig-PLP-LR, because 
coinjecting either chimera wilh lg-W, the parental Ig encompass- 
ing on identical Fc region (the site that mediates binding to FcRs) 
as Ig-PLPI and [g-PLP-LR had no down-.regulalory effect on ei- 
ther T cell response (Figs. 2 and 3). Similarly, since PLP2 peptide, 
like PLPI and PLP-LR, is presented by I-A' class II molecules 
(22), and because lg-PLP2 had no efTed on the responses induced 
by lg-PLPl or Ig-PLP-LR, the opposite down-regulation between 
Ig-PLPI and Ig-PLP-LR would appear lo be Ag-specific and 
would most likely not involve competition for binding to l-A* class 
11 molecules (Figs. 2 and 3). 

The explanation we wish lo put forth for ihis opposite down- 
regulalion between lg-PLPl and lg-PLP-LR is thai clonal expan- 



sion requires an optimal serial triggering with an homogeneous 
peptide (i.e., all or most of Ihe receptors on a single naive T cell 
must engage one lype of peptide lo expand). The simultaneous 
stimulation of naive T cells wilh peptides encompassing subtle 
differences at the TCR contact residues, which may be occurring 
during immunizations involving mixtures of lg-PLPl and lg-PLP- 
LR, fails to cause T cell expansion and in vitro proliferation. 

It was previously demonstrated that PLPI -specific T cell hy- 
bridomas generated from T cell clones obtained by immunization 
with free PLPI peptide were not cross-reactive with PLP-LR (7). 
Rather, the hybridomas were antagonized by PLP-LR (7). Simi- 
larly, an interaction of these T cell hybridomas with lg-PLP-LR led 
to Iheir inactivalion and to an inhibition or cytokine production 
(2 1 ). The T cells induced by either Ig-PLP 1 or Ig-PLP-LR were, as 
demonstrated in Figure I, cross-reactive wilh both peptides, and 
these T cells proliferate and produce cytokines in response lo stim- 
ulation wilh either peptide. Because of this cross-reactivity, Ihese 
T cells proliferated and produced cytokines when they were stim- 
ulated with a mixture of PLPI and PLP-LR in vitro (Figs. 5 and 6). 
All of the cells in a single Ig-peptide chimera immunization reg- 
imen are primed by one peptide, and in vitro stimulation of Ihese 
cells with a mixture of peptides neither inhibited nor led lo additive 
responses. These results suggest that the response induced by im- 
munization with a single Ig-peptide chimera comprises T cells ex- 
pressing cross-reactive TCR ralher than dislincl populations spe- 
cific for individual peptides. Consequently, these Ag-cxpcricnccd, 
cross-reactive T cells, unlike naive T cells, arc resistant lo mixed 
TCR triggering by PLPI and PLP-LR. Monoclonal T cells, 
whether clones or hybridomas, that are generated by repeated in 
viiro peptide stimulation arc likely lo be more sensitive to antag- 
onism because or their higher affinity lo ihe selecting peptide. 
PLPI -specific T cell hybridomas and lines were in fact antago- 
nized by Ig-PLP-LR and PLP-LR peptide (7, 21). 

Overall, naive T cells, although potentially cross-reaclive with 
both agonist and antagonist peptides, resist mixed TCR triggering 
during the first Ag exposure and appear lo support an opposile 
down-regulation among peptides wilh subtle differences at ihe 
TCR contact residues. A cell-signaling analysis has demonstrated 
• thai TCR occupancy without a sustained calcium signal could form 
the basis for TCR spoiling and antagonist interference with TCR 
triggering by an agonist (14, 1 5). Some altered peptides, however, 
may trigger signals thai could support distinct or partial activation 
patterns (reviewed in ReC 13). In our case ofopposite antagonism, 
one may speculate that both PLP I and PLP-LR, when presented by 
Igs, trigger productive signals thai lead to T cell activation and 
expansion, as evidenced by Ihe induction of specific T cell re- 
sponses. These signals could be closely related and support cross- 
reactivity ai the level of Ag-expericnccd T cells. However, naive T 
cells undergoing mixed signaling are discriminatory and may not 
tolerate these closely related signals emanating from peptides wilh 
such subtle »a differences. Whether this observation implies that 
the signaling machinery, exerting a stringent control Df TCR trig- 
gering at the level of naive T cells, evolves with some flexibility to 
support cross-reactivity by Ag-expericnccd T ceils remains to be 
investigated. However, it has been previously suggested that neu- 
roantigen-specific naive T cells have more stringenl activation re- 
quirements thon T cells that have encountered the Ag (26). In 
addition, it was recently demonstrated that T cells can be activated 
by peptides that are unrelated in sequence to their selecting peptide 
(27). Finally, wc would like to emphasize that the delivery of pep- 
tides on Igs for active immunization could result in responses that 
are qualitatively different from those induced by free peptides (Fig. 
I). The binding of Igs to FcRs on APCs recruited lo the site or 
injection by CFA could trigger specific factors that could influence 
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T cell-APC imeraclions, possibly resulting in ihe preferential ex- 
pansion of cross-reactive T cells. In the absence of adjuvant, the 
enhanced presentation of antagonist peptides by Igs may be effi- 
cient for Ihe down-regulation rather than for the induction of au- 
toreactive T cells and the amelioration of autoimmune disease. 
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Autolmmuns shares collapse on Colloral data in rheumatoid arthritis. 
Market letter, (13 Sep 1999) . 
I8EH1 09S1-I11S. 
Markatletter Publication* Ltd. 
Newsletter 
English 
1st 

US biotechnology firm Autoimmune saw its shares crash 74* on September 
l to close at Si. 40 following the announcement that its oral tolerance 
drug Colloral (collagen) had Called in chase III development. By the end 
of the trading week (September J), the firm's stock was selling at a 
miserly $0.84, a nasty turnaround for a company which was riding high on 
the back of its oral tolerance technology a couple of years ago with stock 
being traded around the $14 mark. 

Autoimmune says that Colloral will be dropped from development and the 
first will "Immediately reduce its headcouat and other operating expenses 
to conserve resources as we evaluate our strategic options to maximize 
shareholder value." The company told the Harketletter that it plans to cut 
its workforce by 9«», downsizing to eight staff from 36 immediately and 
then to two employees by the end of the month. 

In the 772-patient trial, Colloral was found to be safe but did not meet 
the primary endpolnt, which the spokeswoman said was achieving statistical 
significance in three out of the 'core-four* parameters (tender joints, 
swollen joints, physician's global assessment and patient global 
assessment) . While Autoimmune lays that "substantial improvements " from 
baseline were observed in. each of these measurements , the placebo response 
was 'much greater than previously observed.* In fact, the spokeswoman 
noted that, although the data ware act publicly available at present, the 
placebo response was two times higher than in previous studies of the 
drug. Pull data may be presented at a forthcoming rheumatology meeting, 
and the firm is considering switching the focus of Colloral to a 
nutraceutlcal product. 

. when asked whether the trial could be designed differently, the 
spokeswoman told the Harketletter that it "was perfect.* Financially, 
however, the firm cannot keep funding the clinical development of 
Colloral. Autoimmune had continued its clinical development of the drug 
even though earlier trials had failed to demonstrate strong data. Two 
years ago, the company revealed that two Phase II trials of Colloral in RA 
had failed to yield statistically significant rasulte (Harketletter May 
is, 1997) . However, the firm decided to pursue Phase III development 
following an Independent re-analyels by statisticians who concluded that 
the drug waa significantly more effective than placebo (Harketletter 
September 15, 1997) . 

General expectations for the drug were noc high, particularly following 
the earlier failure of another mucosal tolerance program, Kyi oral 
(myelin basic protein) for multiple sclerosis which performed no better 
than placebo In Phase III trials. 

Yet some investors may see chle a good buying opportunity, with analysts 
?? ??,? 9 , OUt that the toW^Y hae • decent cash position with few 
liabilities; as of June 30, the firm bad cash and cash equivalents of 
almost $9.7 million and the spokeswoman added that once liabilities have 
Been paid, thio will be down to. around {7 million. 

Ideal opportunity to buy? 

ai ,r J ^ he ^?f e ' * utoI * munB ha0 " very strong intellectual property position 
and la still conducting a number of other trials which .r. funrfpJ 
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externally. These Include studies in new-cnaet type 1 diabetes (with Eli 
Lilly) and a pilot trial In chronic organ transplant rejection (results 
from both are due next year) . Enrollment Is continuing in a national 
Institutes of Health- funded long-tern prevention study for type 1 
diabetes. 

Importantly, the firm also has an exclusive agreement with Teva 
Pharmaceutical Cor applications of Autoimmune • s proprietary technology. 
The deal covers the development of an oral formulation of leva's 
Injectable multiple sclerosis drug Copaxone (glatiramer acetate) and e_n 
oral product for the treatment of myasthenia gravis, for which Autoimmune 
will receive milestone payments- on product approval and royalties oh any 
future sales. Teva io getting ready to start a Phase XI/III trial of oral 
Copaxone with the first patient expected to be enrolled year end, while 
the product for myasthenia gravis le also due to begin clinical 
development before the end of the year. 

Despite speculation that the company's faith in the potential of 
Inducing oral tolerance to antigens as a means of treating autoimmune 
disease may be misguided, Autoimmune says it still firmly believes in its 
technology' In a statement, the company said that "both basic and clinical 
■research focused on enhancing the biological effect of (mucosal tolerance 
therapy) In pstisnts will continue.* 

Autoimmune le currently assessing e number of different plans, including 
possible mergers and converting into a shell company while waiting for 
clinical data from its other ongoing trials to come through. The 
spokeswoman said that there has been interest from some firms in a merger, 
particularly as Autoimmune has such a strong IP position. 

THIS IS TKS PULL TEXTi COPrRIOHT 1W Marketletter Publications Ltd. (UX) 

subscriptions 449 British Pound Sterling per year as of 1/97. Published 
weekly, contact Marketletter (publications) Ltd;, 54/SS wlltDn Rd. , London 
SU1V 10B, UK. Phone (71) 828-7272. PAX (71) 828-0415. 
CT •PC2B14000 Pharmaceutical Preparations 
cc *EC7SB securities prices 
CO • Autoimmune Inc. 
ICL • im. Business, International 

HWC '125413 Pharmaceutical Preparation Manufacturing 
OT "CC1U3A united States 
PEAT LOB j COMPANY 
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Transplantation tolerance: The concept and 
its applicability 



Dong VM, Womer KL, Sayegh MH. Transplanlaui 
concept and its applicability. 
Pediair Transplantation 1999: 3: 181-192. O Muntijurd, 



Abstract: Recent advances have enabled researchers la indites tolerance 
in animal transplant models. Although it hat been relatively easy to da to 
in rodenu. it has beco much marc difficult to emulate such strategics 
primates. Understanding the cellular and molecular raechaiusroi of 
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With Improvements in surgical techniques, infec- 
tious disc a*: therapy and overall medical care 
over the past few decades, manipulation of the 
immune response remains the major barrier to 
successful organ transplantation. The introduc- 
tion of cyctr sporin A into clinical use in the early 
I9B03 (I) and the development or newer immu- 
nosuppressive drugs (2) have led to a significant 
reduction in acute rejection rates and improve- 
ment in short-lcrm allograft survival. However, 
achieving long-term graft survival and over- 
coming chronic rejection remain difficult tasks 
(3, 4). Moreover, these drugs cause non-specific 
immunosuppression and result in an increased 
risk of infection, malignancy and cardiovascular 
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disease. Therefore, the major goal of transplanta- 
tion research is the development or strategies to 
induce donor-specific tolerance. 

Tolerance has been defined as a state of specific 
immunologic unresponsiveness to the antigens of 
the graft in the absence of maintenance immu- ■ 
nosuppression (5). However, it is now clear that 
active immunorcgulatory mechanisms may be 
important in the development and maintenance 
of tolerance. Perhaps a more accurate definition 
of tolerance would be the absence of a destructive 
immune response against the graft in an immu- 
nocompetent host (6). In yIvo criteria for donor- 
specific tolerance arc the absence of acute 
rejection with prolongation of graft survival 
and acceptance of second lest grafts from the 
original donor, while maintaining the ability to 
reject third party grafts. Unfortunately, investi- 
gators have only recently started to examine graft 
morphology and function in long-term surviving 
'tolerant* animals. This is important, because 
long-term graft survival does not necessarily . 
imply tolerance, [n fact, tolerance should not 
only prevent acute rejection but also the alloanti- 
gen-dependent component or chronic allograft 
dysfunction, the major cause or late graft 
dysfunction and loss in solid organ transplanta- 
tion (7). 
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Billingham et al. in 1953 were the first to 
describe a state of actively acquired 'immuno- 
logic tolerance' in mice that had been injected i>i 
ultra or during (he neonatal period with bone 
marrow derived donor cells (8), Such animals 
would later accept an allograft taken from the 
lame inbred strain from which the original cells 
were harvested, while maintaining the ability to 
reject third party strain grafts. Since these 
observations, extensive research has' focused on 
developing strategies to understand the mechan- 
isms of tolerance and . to induce tolerance in 
adult animals. The ultimate goal would be to 
translate this research into large animals and 
eventually humans. Although it has been 
relatively easy to induce tolerance in rodents, 
it has ' proven to be much more difficult to 
translate such strategics into primates. 
Nonetheless, recent advances in our understand- 
ing of the cellular and molecular mechanisms of 
the alio immune response have fueled the devel- 
opment of promising novel strategies lhat may 
. be successfully translated into humans (5, 9, 10). 
The purpose of this review is to provide a brief 
overview of the mechanisms of tolerance, to 
describe some of the promising novel strategies 
lhat may be translated Into humans, and finally 
to summarise the major problems we are facing 
io developing strategics to Induce tolerance in 
humans. 



Moehanitmi el loliraaes 

Before discussing the current strategics designed 
to induce tolerance in the transplant recipient, it 
is -wprth "reviewing the basic mechanisms of 
tolerance (II). Immunologic tolerance may be 
mediated by thymic deletional mechanisms (cen- 
tral tolerance) or be induced/mainUined through- 
out the peripheral blood and extrathyauc 
lymphoid tissue (peripheral tolerance), by at 
least three different mechanisms: deletion, 
energy or regulation/suppression. These mechan- 
isms will be reviewed as they Tclatc both to self- 
and transplantation lolerance. 



Self-tolerance 

The physical elimination of certain T cells that 
interact with self-MHC molecules within the 
thymus plays an important role io the develop- 
ment of tolerance to -self-antigens in the. fetal/ 
neonatal period (12). Phenotypic expression of T 
cells is determined by the sum of random TCR 
gene rearrangements (13). T-ccll precursors 
originate in the bone marrow and migrate to 
the thymus where they initially fail to express the 
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CD4 and CD8 T cell markers that are associated 
with maturity. These doublt-ntgatlve T cells then 
undergo proliferation and maturation and 
acquire both CD4 and CDS T cell markers to 
become so-called dovble-poiiilre alls. Through 
random TCR gene rearrangements, these thymo- 
cytes express TCRs with varying affinity for self- 
MHC + peptide. 

Central to the mechanisms of self-tolerance is 
the avidity with which the TCR interacts with the 
self-MHC + peptide. This is determined by both 
the structure of the TCR for the antigen as well as 
the density of TCRs present on the T cell (14, 1 J). 
Thymocytes that either lack affinity or have very 
high affinity for the complex are negatively 
selected and undergo deletion by programmed 
cell death (apoptosis). Those thymocytes with low 
avidity for the complex, are positively, selected and 
become a set of T cells lhat function with self- 
MHC but lack sufficient autoreactivity to result 
in autoimmune disease. Some lower avidity TCRs 
may escape at this stage only to be deleted later 
with the increase in TCR expression that occurs 
with the transition- from double posilivity 
(CD4* /CD8*)to single positivity (CD4* /CDS' 
or CD47CD8^ as thymocytes mi gnu from the 
cortex to the medulla of the thymus. Positively 
selected medullary, thymocytes acquire MHC 
class fl restricted helper (CD4*) or MHC class 
1 restricted cytotoxic (CD8*) functions and 
migrate to the periphery as immunocompetent' 
T cells. Between 95 and 99% or thymocytes are 
deleted in the thymus, with only the small 
remainder becoming mature T cells that migrate 
to the periphery. II is thought thai autoimmunity 
arises when some autoreactive T cells escape 
thymic negative selection. 

There arc- two types of thymic APCs: bone- 
marrow-derived macrophagcs/dcndritic cells and 
epithelial cells (16). There is evidence that each 
type has a different function in the induction of 
self-tolerance and in T-cell repertoire selection. 
Positive selection is thought to. be mediated by 
thymic epithelial cells, whereas negative selection 
is thought to be mediated by boric marrow- 
derived cells. Since the thymus involutes after 
puberty, clonal deletion may play only a minor 
, role io the development of lolerance in the adult. 
However, cells that are important . in .the 
induction of thymic (central) deletional lolerance 
may still be functional^ In addition, there is 
some evidence lhat T-cell death occurs in the 
periphery, assisting with the maintenance of self- 
tolerance and prevention of autoimmunity and 
possibly playing » role in transplantation 
lolerance. 
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- Induction of tolerance in adults involves several 
mechanitms that are best dassi/ied as central or 
peripheral, Central tolerance involves thymic 
deletlonal mechanisms analogous to wlf-toler- 
ance and can be induced in experimental animals 
by creating bone marrow chimeras (17). These 
chimeras are achieved by donor bone marrow 
infusion into a recipient treated with a myeloa- 
bUtivc regimen such as total body irradiation. 
Donor APCs from this inoculum migrate to the 
thymus of the reconstituted animal, where they 

• will be seen as itlf. Thereafter, the resultant 
animal will be specifically tolerant to donor 
alloantigen, presumably by deletion of alloreac- 
tive T cells in the thymus (negative selection). 

Besides the potential complication of graft- 
verius-hott disease, which can be prevented by T 
cell depletion of the bone marrow preparation, 
chimeric animals may have deficient T cell 
responses to nominal antigens. As previously 
mentioned, T cells are positively selected during . 
normal maturation to recognize foreign antigens 
in association with the self-MHC molecules 
expressed on thymic epithelium. In these chi- 
meras, however, the bone marrow-derived APCs 
are now of donpr origin, whereas the thymic 
epithelial APCs remain of recipient origin. As a 
result, mature T cells will be positively selected to ■ 
respond only to antigens presented by the 
recipient MHC molecule but not to antigen 
presented in association with •donar-MHC oq 
APCs derived from the donor bone marrow. 
Consequently, the T cell immune response is 
suppressed (17). 

This problem can be overcome by creating 
mixed allogeneic chimeras by reconstituting the 
myeloablaled animals with a mixture of both 
syngeneic plus allogeneic bone marrow (1 8). The 
reconstituted animals have a mixture of APCs 
derived from both recipient and donor and 
therefore have normal T cell function. Such a 
strategy has been successful in both rodents aod 
non-human primates, in alio- as well as xeno- 
transplant models (17). However, the clinical 
applicability of such strategies is questionable 
because of the potential for major aide-e fleets. 
Non-myeloablative regimens such as donor bone 
marrow infusion with adrrtinistration of anulym- 
phocyte serum or other immunosuppressive 
drugs have been used (19), although the mechan- 
isms involved with such strategics may not be all 
deletiona) (20). 

Mechanisms of peripheral tolerance! generally 
involve antrgy and/or regulalory/jvpprtuor alb, 
although peripheral dtletionaJ mechanisms prob- 
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ably also play a role.. One possible mechanism, 
leading to tolerance that has been described with 
donor bone marrow infusion strategics is micro- 
chimtrlsm (21. 22). Mierochlmerism is the 
persistence of small numbers or donor-derived 
cells in the recipient and has been reported to be 
associated with long-term acceptance of allo- 
grafts in experimental animals as well as in 
humans (23). However, it has not yet been 
established whether the persistence of donor 
cells is actually responsible for the induction or 
maintenance of tolerance. The observation by 
Frascr et al. that the donor bone marrow can be 
replaced with recipient marrow tra/ufected with 
donor MHC indicates that microchimerism is not 
' necessary for graft acceptance and suggests that a 
supply or donor antigens for presentation by the 
indirect pathway of allorecognition (i.e. by 
recipient APCs) may be tolerogenic (24). The 
distinction between the indirect and direct path- 
ways will he discussed later in more detail. 

Vtto cells' are cells with a unique phenotype , 
that have been shown to inactivatc/dclete allor- 
eactive T cells. These cells have been described in 
some transplantation models involving donor 
bane marrow infusion (21, 22), although the 
mechanisms of how T cells recogn'ue the veto cell 
leading to T cell inactivation/deletion remain 
unknown. Furthermore, whether veto cells med- ■ 
iate the observed association between graft 
acceptance and nucrochimerism has not been 
established. 

Ancrgy is a slate of functional inactivation in 
which antigen-specific T lymphocytes are present 
but unable to respond. Unresponsiveness can be 
assessed in vitro by failure of proliferation and 
cytokine production (25) and in vho by failure of 
clonal expansion (26, 27). Two types of energy- 
related mechanisms have been described: 1 , T cell 
ancrgy, which may be reversed by exogenous 
cytokines such as IL-2 (28, 29); and 2, dense 
ancrgy, which is not reversed by cytokines (30). ■ 
Recent evidence also indicates that ancrgy can be 
accompanied by variable degrees of deletion and 
that anergic T cells may become apoptolic (31). 
From the standpoint of clinical applicability, 
strategies that promote peripheral deletion of 
anergic T cells are more desirable. In this regard, 
there has been recent interest in studying the role 
and mechanisms of activation induced, eel] death 
in induction and maintenance of transplantation 
tolerance (32, 33). 

It is now clear that T cells require two distinct 
signals for full activation. The first signal is 
provided by the engagement of iheTCR with the 
MHC + peptide complex on APCs, and the 
second coMttmuhtory signal is provided by 
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engagement of one or more T cell surface 
receptors with their specific ligands on APCs. 
TCR ligation in the absence or additional signals 
provided by the MHC-expressing APC results in 
antigen-specific unresponsiveness or aneigy (14). 
While several recepior-4igand Interactions have 
been suggested to provide costimulatory signals, 
to T cells (CD2: LFA-3, LFA-1: ICAM-1), the 
best characterized coitimulatory signal involves 
binding or the T cell surface molecule CD28 to 
either of its ligands, B7-I or B7-2, expressed on 
the surface of professional bone marrow derived 
APCs (see Fig. 1). 

The uniqueness of this costimulatory pathway 
has been demonstrated clearly in studies indicat- 
ing that signaling through CD28 prevents T cell 
ancrgy and death induced by TCR signaling 
alone (35, 36). CD28 has a high degree or 
homology (32% identity at the amino acid level) 
to another gene called CTLA4 (37). Unlike 
CD28, which is expressed on resting T cells, 
CTLA4 appears to be expressed on the cell 
surface only after initial T cell activation. CTLA4 
appears to downrcgulate immune responses by 
binding with high affinity to its B7 counlcr- 
receptori (38, 39). GTLA4 gene knockout mice 
show a variety of lymphoprouferative disorders 
and early death (40), while administration of 
blocking anti-CTLA4 monoclonal antibodies (to 
block negative T cell signaling) 'worsen* auto- 
immune disease (41) and prevents induction of 
peripheral tolerance (42). implying a critical 
physiologic role for CTLA4 in terminating T 
cell responses (43). 

Another means by which tolerance is regulated 
is through the induction of specific regulatory or 
tupprtiior cells. These cells have been demon- 
strated in vitro by suppressor assays as. well as In 
viva by adoptive transfer experiments that may 
lead to a slate of 'infectious' tolerance (44, 43), 
whereby T cells from a tolerant animal may 
actively transfer tolerance to a naive animal. 
Although suppressor phenomena have been 
clearly demonstrated, the suppressor cells them- 
selves have been difficult io clone and, hence, to 
characterize. In addition, the mechanism of 
action of suppressor cells is still poorly under- 
stood, although recent data suggest that the 
tolerogenic effects may be mediated by suppres- 
sive cytokines (46). 

A related area which may explain the role of 
these regulatory cells in tolerance is the con- 
troversial T„l/T „2 paradigm (47-50). It has been 
recognjred that CD 4* T cells can be subdivided 
into T helper I (T M 1) and T helper 2 (T„2) subsets 
that are classified according to the profile or 
cytokines tbey secrete. T H 1 cells secrete IL-2 and 



IFN-y and predominately mediate cellular, 
immune responses, while T H 2 cells secrete IL-4, 
IL-5, 1L-10 and IL-13 and regulate humoral 
immune responses. ThI cytokines have been 
shown to be uprtgulated in rejecting allografts, 
while T M 2 cytokines have been shown to be 
expressed In 'tolerant' rjiafu (51, 52). Such a slate 
of immune deviation towards predominately Th2 
cell function has been associated with tolerance in 
models of transplantation, although the causality 
of such an association has not been proven. 
Indeed, recent evidence in specific cytokine gene 
knockout animals showing that T H I knockout 
mice can reject a graft (53) and that T M 2 
knockout animals can be tolerixed (54) illustrates 
the complexity of the system. 
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The major shortcomings of modern transplanta- 
tion medicine ore the consequences of lifelong 
^immunosuppression. It would be more desirable 
to achieve a slate of immunologic tolerance, 
which would obviate the need for immunosup- 
pression. This challenge is heightened by the fact 
that immunosuppressive agents may actually 
abrogate the induction of tolerance (55-57). 
Nevertheless, there aje a number of promising 
strategics currently being investigated. 
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The initial studies in ihe 1960s of intralhymic 
inoculation of soluble antigen into adult rats 
demonstrated antigen-specific systemic T cell 
unresponsiveness. It Is now recognized that this 
unresponsiveness is probably achieved via energy 
and cell deletion (apoptosis) (58). Intrathymic 
injection of antigen (Ag) induces Ag-specific 
tolerance in several experimental autoimmune 
and transplantation models, However, the clin- 
ical applicability of thymic injection of eUoanti- 
gen sill) requires further investigation (59, 60). 

Central tolerance inducing strategies that 
manipulate T cell events in the thymus have 
involved lethal or sublethal myeloablation fol- 
lowed by immune response reconslilution with 
a combination or donor and recipient bone 
marrow, as mentioned earlier (61). Another 
approach uses Iransfected recipient bone 
marrow cells with donor MHC, obviating the 
need for donor bone marrow cells. In an cITorl to 
reduce the toxic irradiation dose to large animals, 
synergistic therapies such as polyclonal/mono- 
. clonal anlilymphocyle antibodies, cyclophospha- 
mide or costimulatory blockade have been or arc 
being tested. This approach allows for host bone 
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marrow suppression with minimal tide-effects, 
resulting in stable mixed chimeric animals. These 
models have shown promise in no ' 
primates as a preclinical strategy (62). 

Oonor bane marrow infusion 

The vise 'of donor bone marrow augmentation 
utilizes aspects or both central and peripheral 
tolerance (23). Donor bone marrow is injected 
into patients at the lime of solid organ trans- 
plantation, with subsequent low level persistence 
of donor cells leading to a microchimeric state. As 
discussed previously, long-term allograft [unction 
in humans and animals is often associated with 
persistence of donor-derived hematopoietic cells 
in the recipient. However, it is unclear whether 
donor cells persist due to immunosuppression or 
if they are themselves responsible for prolonged' 
long-term gran survival. Barber et al. examined . 
the use of Minnesota anuiymphocyte globulin 
and subsequent transfusion of dohor-specifie 
bone marrow in 57 cadaveric renal allograft 
recipients. When compared with controls, donor- 
specific bone marrow infusion was associated 
witb improved allograft survival (63). More 
recently a clinical trial looked at the effect of 
timing and dose of peripheral donor bone 



marrow cell infusion on graft and patient survival 
after liver transplantation (64). As with the renal 
allograft recipients, graft survival was signifi- 
cantly improved in the treatment group. Tbs 
optimal utility of bone marrow infusion/augmen- 
tation has not been denned in multictnlcr, 
randomized clinical trials. 

Immunomodulatory peptides 

Observations that some peptides bound to MHC 
molecules are derived from MHC sequences 
themselves has prompted the study of the 
. immunoregulatory properties of MHC derived 
peptides. In transplantation, two pathways of 
alloreeognition are recognized (10, 65-67). The 
direct pathway involves recipient T cells recog- 
nizing intact allo-MHC molecules complexed 
with peptide on the surface or donor celts. The 
indirect pathway involves recipient APCs proces- 



Fig. 2). In the latter situation, T cell responses . 
to an ailoantigeo may be limited to one or only a 
few dominant peptide determinants. Therefore, 
tolerizing to these peptide determinants alone 
may then successfully inhibit at least indirect. T 
cell allorcspontes (68). 
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Strategies designed (O induce allogeneic unre- 
sponsiveness using peptides derived from both 
polymorphic and non-polymorphic portions of 
claw I and TI MHC have been studied (69). 
Boytim et al. were able to block allo-non-spccific 
induced T cell proliferation with a synthetic 
peptide corresponding to the alpha helical region 
of HLA-DQ by interrupting cell-cycle progres- 
sion (70). Similarly, Murphy el al. were able to 
alter T oell alloknmune responses in vitro with 
synthetic peptides derived Tram a highly con- 
served region of the class II MHC alpha chain 
through the induction of apoptosis (71). In v«Vo 
studies have demonstrated reduced delayed-type 
hypersensitivity responses to a mixture or poly- 
morphic class II MHC allopeptides in peptide 
immunized rats with oral administration of the 
peptide mixture prior to uruTiurtization (72). Since 
indirect aUorecognition may play a role in 
chronic rejection, synthetic MHC peptides may 
also be used in the future to develop predictive 
assays that link T cell activity to the subsequent 
risk of developing chronic rejection post-trans- 
plant (73, 74). Whether toleriiing to MHC 
peptides, by oral administration for example, 
will have an impact on delaying progression or 
chronic rejection remains to be seen. 

Othar tharapias 

The targeting or T ceil epitopes by monoclonal 
antibodies is currently undergoing intense inves- 
tigation. The humanized monoclonal antibodies, 

IBS 



daclinunab and batiliximab. ire targeted against ' 
the 55Kd alpha subunlt or the IL-2 receptor (2) 
and have recently been approved by the FDA Tor 
use as induction therapy in clinical renal trans- 
plantation (IS). However, their role in the 
induction or tolerance has ftot yet been estab- 
lished. 

There has been an increased understanding' or 
the molecular interactions between the T cell and 
AFC, as discussed previously. Illustrated in Fig. 1 
are some or' the' better characterized rcceplor- 
Ugaad couplings (2). Antibodies directed against 
some or these cell surface molecules have been 
used in experimental small animal models to 
induce tolerance (76). The clinical applicability or 
tome of these strategies is currently being tested. 

Newer approaches still in their infancy include 
gene-targeted therapies (77). For example, it bu 
been demonstrated in the mouse diabetic model 
that FasL expressed in syngeneic myoblasts, 
made by transrectjon of myoblasts of recipient 
origin, can protect allogeneic islets of Langcrbanj 
from rejection, presumably through Fas/FasL- 
induced apoptosis of reactive T cells (78). la 
clinical transplantation, gene therapy may enable 
immunomodulatory agents to be expressed in the 
graft, thereby overcoming the difficulties or 
systemic immunosuppresion (2), 

T-ceil coslimulatorv blockade 

Although there are several experimental strate- 
gics that may hold promise Tor the induction or 
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transplantation toleranee.in humans (Table 2), T- 
ceU costimulatory blockade ii perhaps the mast 
promising and wiJ likely be tested clinically in the 
near future. Ligation of CD28 by B7-I or B7-2 is 
blocked by CTLA4Ig, e recombinant fusion 
protein that contains the extracellular domain 
of soluble CTLA4 fused to an Ig heavy chain (79). 
CTLA4Ig binds to both B7-1 and B7-2 and acts 
as a competitive inhibitor of CD28 binding to B7- 
I and B7-2, resulting in T cell anergy in \itro (80, 
8 1) (see Fig. 3). T cell costimulatory blockade by 
systemic administration of CTLA4lg has been 
very effective in preventing experimental acute 
rejection, prolonging graft survival and inducing 
specific tolerance in seme transplantation models 
(10). Recent studies from our laboratory have 
demonstrated thai CD28-B7 T cell coitimulatory 
blockade by CTLA4Ig prevents development of 
. chronic rejection in rat models of cardiac (82) as 
well as renal (83) transplantation. 

More interestingly, CD2B-B7 blockade late 
after acute injury interrupts progression of 
chronic rejection in an.. experimental chronic 
renal allograft rejection model (84). The exact 
mechanisms mediating induction of tolerance by 
CD28-B7 Txcll costimulatory blockade In v/vo 
. remain' unclear (10). It has been suggested that 
CTLA4Ig inducts T cell anergy and prevents 
expansion of antigen-specific T cells in v/vo (26). 
In the mouse heart transplant model, the 
induction of unresponsiveness requires an intact 




Tiansplaatatlon tolerance 

CTLA4 negative signaling pathway (85). Our 
studies in the rat acute renal allograft rejection- 
model indicate that systemic tolerance, induced by 
the administration of CTLjUIg is associated with 
selective inhibition of Thl and sparing or Th2 
cytokines in the target organ (51). However, as 
indicated earlier, recent data in cytokine gene 
knockout animals highlight the complexity of 
studying the role of cytokines in allograft 
rejection and tolerance. To further complicate 
the picture, inducible costimulator (1COS), a 
proposed third member of T cell specific cell 
surface receptors, CD28 and CTLA4, has 
recently been identified (86) (see Fig, 1) What is 
. interesting is that unlike constiruUvely expressed 
CD28, ICOS must be induced de nave on the 
surface Df the T cell and does not upregutate the 
production of IL-2, but superinduces the synth- 
esis of IL-IO. However, the role or ICOS in gran 
rejection and/or tolerance remains to be deter- 
Recently, there has been great interest in 
studying the role of CD40 and its tigand, 
CD40L, in the process of allograft rejection and 
tolerance (10) (see Fig. 4). CD40, a member of 

• the TNF receptor Tamily, is expressed on B cells 
and other APCs, including dendritic cells and 
endothelial ccDs (67)- CD40L (a member of the 
TNF family, also known as gp39), is expressed 
early on activated T cells (87). Binding of CD40L 
to CD40 is critical in providing T-eell help for B- 
cell Ig production and class switching (88); a 
defect in CD40L is responsible for the hyper-lgM 
syndrome in humans (89). 

The role of CD40L in T-cell activation has 
been uncertain. Studies using CD40L knockout 
mice have demonstrated an inability- of CD40L- 
deflcicnt T cells to undergo effective clonal 
expansion (90, 91). It has been questioned, 
however, whether CD40L acts directly to trans- 
duce a coitimulatory signal to the T cell or 
indirectly, since ligation or CD40 on APCs is a 
strong inducer of B7 expression (92, 93). 

• Therefore, CD40L on the T cell might merely 
serve.to induce CDM-ligands or other costimu- 
latory molecules on APCs. Several studies in 
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experimental transplantation models indicate 
that CD40L blockade can prevent acute rejection 
and prolong allograft survival (52, 94, 95). Larsen 
et al. (55) addressed the potential for synergy 
between B7 and COWL blockade by demonstrat- 
ing thai inhibition of these two pathways leads to 
prolonged allogeneic mouse akin and cardiac 
allograft survival. An interesting finding in this 
study was that only combination therapy with 
bcth anti-CDdOL and CTLA.4lg was able to 
prevent grift arteriosclerosis and fibrosis (chronic 
rejection). Recent studies in Islet (96) as well as 
renal (97) primate transplant recipients indicate 
the efficacy of T cell costimulatory approaches in 
preclinical models and provide the rationale to 




Fli. 1. Function, of CDM, H.I, B74 
and CTLA-4 molecule* Ruling T cells 
express CD28, but concurrently reriiag 
AFCs do, not upiui B7 molecules. 
Within lUb of activation, B7-2 is 
uprated by APCs and becomes avail- 
able r»r blading to CD2I, inatsnltuag a 
cos lira ul story signal to the T cell By 48- 
77. h after sctivatlon, APCs alto express 
B7-I, while T celU express lbs CT1A-4 
inhibitory receptor. Both B7-I and B7-J 
may bind cither to CD28 or CTLA..4, 

new uSbitory signal, rMpectivery. Sine* 
CTLA-4 has a higher affinity for B7 
molecules than CDM, iu inhibitory 
interaction ultimately prevails, leading 
lo Immune response termination. The- 
fusion proton CTLA4I» may compete 
wilb CD LB and CTXA-J for B7 binding, 
thus Mocking costimulatory Inunctions. 
[Reprinted with pcrtnUitoo: N Engl 
J Meet I»«^J»:I8IJ-2I. © 1998 
'Massachusetts Medical Society. All 
rights named.) 



develop such strategies in human organ trans- 
plant recipients. 

One of the interesting observations in several of 
the experimental studies with T cell costimulatory 
blockade is the Tact that administration of donor 
antigen, appears to synerglze with CTLA4Ig or 
anti-CD40L in promoting long-term graft survi- 
val ' (52, 95, 98, 99). Irs some models, the 
administration of donor cells was necessary to 
prevent the development of chronic rejection {54, 
100). More interestingly, a recent study by 
Wekerle el al. showed that induction of ehimer- 
ism with donor bone marrow and T cell 
costimulatory blockade results in dclctional 
tolerance-. This strategy may have applicability 



fig. 4. The CD40L-CD40 pathway and 
its autotiallon with the CD29-B7 
pathway. Resting APCe, that include B 
cclli, macrophages and dendritic cells 
express CD40. When activated. T cells 
upicu CD40 lis end. lie CD40L- 
CDao inter action Is important lo pro- 
viding T cell help to prevent a pop toss u ■ 
wcJ as to induce Immunoglobulin 
production and isotope switching. 
Activation or CD40 on APCs provide. 
• eigne! for B7 induction, iipedalhf 
B7-2. CD40 ligand may act in T eaL 
eosticnuleuon by directly providing 
eoelimulelioo. .by Inducing B7, or by 
inducing other cosiimulslory Uganda. 
[Reprinted with petmiiiian; N Engl 
) Med I998;}38:I8U-2I. © IMS 
Massachusetts Medical Society. All 
rights ■eecrved.l 



lo humans, because it may allow clinical transla- 
tion of the bone marrow chimeriim approach, 
without myeloabUticn or T cell depletion of the 

host (19). , 

After a decade of laboratory studies, CTLA«g 
has now been used in. the clinical arena. Abranu 
andothers have recently publ'uhed the results ora 
phase I clinical trial describing the immunosup- 
pressive elTecls or fiTLA4Ig in the T cell 
mediated autoimmune disease, psoriasis vulgaris 
(101). This timely initial trial serves to underscore 
the possible application of costimulatory block- 
ade to various, clinical diseases, including trans- 
plant rejection (102). 



Clinical tolerance 

Despite the Tact that it has been relatively easy to 
induce true tolerance in small experimental 
animals, translating these studies into larger 
animals and humans has been much more 
difficult to achieve. Some of the hurdles that 
may explain this dilemma are summarized in 
Table 3. Even if we have the ideal strategy to use 
in humans, the tack of reliable predictive assays 
for rejection or tolerance still does not allow us to 
know if a patient is truly tolerant so that 
immunosuppressive agents may b« withdrawn. 
Rechallenging a transplant recipient with a 
second test graft to prove tolerance is not feasible. 
Therefore, we must define achievement of trans- 
plantation tolerance in clinical, immunologic and 
molecular terms. Once we accomplish this task, 
transplantation tolerance will no longer be an 
elusive goal. 
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Rapid communication 

No effect of oral insulin on residual beta-cell function 
in recent-onset Type I diabetes (the IMD1AB VU) 

Mt-Maac* Bitfi, ttCMatieoii, C.Martetti, RIWhou, NJ.tt.Caise.oe FaMetta, CC.oraano.M.Shrfgh*, 
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' Rett*. Italy 
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Aimsfcw&hesis. Induction of tolerance to insuhn is 
achievable in animal models of Type 5 (insulin- 
dcpeadeat) Diabetes mellitus by oral treatment wish 
this hormone, which can lead toprevention of the dis- 
ease. In the Diabetes Prevention Trial of Type I dia- 
betes (Dm), oral insulin is given with the aim « 
preventing disease ' insurgento. Wc investigated 
whetherif given at diagnosis of Type I diabetes >» hu- 
mans, oral insulin can still act as a tolerogen and 
therefore preserve residua! beta-cell function, which 
i$ known to be- substantial at diagnosis. 
Method A double-blind trial was earned out in pa- 
tients <mean age*$D: H*8ye»re) with recent- 
onset Type 1 diabetes to whom oral insulin (5 rng dai- 
ly) or placebo was given for 12 months in addition to 
intensive subcutaneous insulin therapy. A total of 82 
patients with clinical Type J diabetes ( < 4 weeks du- 
ration) were studied. Basal C peptide and glycated 
haemoglobin were measured and the insulin require- 
ment monitored every 3 months up to 1 year. Insulin 
antibodies were abb measured in 27 patients treated 
with oral insulin and in IS patients receiving placebo 



at the beginning of the trial and after 3, 6 sod 
52 months of treatment. 

#««to.The trial was completed by 80 patients. Over- 
all and without distinction between age at diagnosis, 
at 3, 6, 9 and 12 months baseline mean C-pcpiide se- 
cretion in patients treated with oral insulin did not 
differ from that of those patients treated with place- 
bo. In patients younger than IS years a tendency for 
lower C-pcptide values at 9 and 13 months was ob- 
served in the oral insulin group. Insulin requirement 
at 1 year was similar between the two groups t» welt 
as the percentage of glycated haemoglobin. Finally, 
IgO insulin antibodies were similar in the two groups 
at each time point. 

Condusionliwerprttawn. The results of this study in- 
dicate that the addition of S mg of oral insulin does 
not modify the course of the disease in the first year 
after diagnosis and probably does not statistically af- 
fect the humoral immune response against insulin 
[Dtabetologia (2000) 43: 1000-1004} 

Key»srds Type 1 diabetes, oral insulin, insulin anti- 
bodies, prevention. 
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The use of insulin, given either subcutaneousfy or 
orally, in subjects at risk for Type J diabetes has been 
recently introduced in the Diabetes Prevention Trial 
of Type 1 diabetes (DPT-1) trial, a large multinational 
trial in the United States, with the aim of preventing 
the destruction of beta cells and the clinical onset of 
the disease (1). The rationale tor the use of iosulm in 
these patients is to induce bet a -cell rest and/or toler- 
ance to the hormone and its peptides £2] which are 
thought to be important targets of the autoimmune 
response leading to beta-cell destruction \3\. ifl am- 
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VfiJ*** between group* arc not statistically different 



ma! models, this approach was shown to be effective 
in hailing, the process leading to Type I (insulin-de- 
pendent) diabetes mellittts (4}. Furthermore, oral in- 
sulin was able to reduce the extent and modify the 
type of lymphocytic infiltration in the pancreas of sus- 
ceptible mice jSj. 

The International Diabetes Immunotherapy 
Group suggested that approaches to prevent Type I 
diabetes should Srst be tested in recent-onset Type I 
diathetic patients arid, if effective, applied to pre-cHa- 
belie people [<5J. In our study we evaluated the effects 
of oral insulin treatment at clinical onset of Type I di- 
abetes, which could aid in reducing the further de- 
struction of beta cells that generally occurs within 
the first 32 months after diagnosis. In patients with 
recent-onset Type I diabetes, simultaneous treatment 
wkh subcutaneous and oral insulin might have con- 
siderable effects, as the former could improve meta- 
bolic control and the latter induce tolerance. As dis- 
turbances in the gut immune reactivity could be rele- 
vant in the pathogenesis of Type I diabetes ffj, induc- 
tion of oral toieranee with a specific antigen, such as 
insulin, could be appropriate for this disease It is 
therefore the aim of this double-blind randomited 
trial lo find- out whether treating patients who have 
recent-onset Type I diabetes with oral insulin in addi- 
tion to identified subcutaneous insulin therapy {8] 
could improve metabolic control, as measured by gly- 
cated haemoglobin value, insulin dose and C peptide 
content ration. The effects of such treatment on the 
rate of spontaneous clinical remission (suspension of 
insulin therapy) and on the extent of humoral im- 
mune response against insulin were'also evaluated. 



Subjects and methods 

Jeften'ew patients, patients with recent -onset Type { disbetet 
(n » 82j were recruited by 8 participating centres of the IMD1- 
AS Group and I affiliated centre. Eath centre contributed 
with aeatty e^uat numbers ol patterns to the study, Inclusion 
.criteria were tie following: (J) diagnose cl the disease accord- 
tog to tit* W«ld Health Organisation { WHO) criteria, with 
age n presentation between 5 and 35 years, (2) dttrtiiou of 
crkkal disease (since the beginning of i&niba therapy) less 
t!»a 4 wesiut, {3} na medical aswrrss-intJicstioat {includittg 



pjtgnsincy) of uny other major chronic disease, (4) wiiiSajaess 
and capability to participate in regular follow-up. 

Patients', baseiiac slinieat ch«nscteitsri<* and metabolic 
control at carry of the trial are shown in Table 5 . 

Study design mtd ueaimint pjweeot The study was endorsed 
by the {raMan Ministry of Health ami approved by the antral 
ethics tommiitcjt at the GetneHt Policlinic, The Catholic Uns- 
vanity of the Sawed Heart, Rome, Alter informed eeasent 
has! been obtained and baitline nveasurements completed, a 
permuted-black design was used to blindly assign patients lo 
ejsh of the two treatment groups. A random number table 
wu! adopted with » prepared list and a rantrnoaiaaiioo code 
was assigned to each participating centre. Of the patient* re- 
ceived J mg daily et oral Uuoiin and 36 placebo. Oral treat- 
ment began within 4 weeks of diagnosis to both groups and 
lasted U months. Ail patients also received intensive subcuta- 
neous tBHtiio thetopy es soon as po&iittie after diagnosis to op- 
timise metabolic control and maintsio blsod gjucose ccomo- 
t ratioat as near lo normal as possible (tee below). 

GuisUlinet for Uttutia therapy. Ait participating ceetxes used 
ihe omc uearmear ptotoeof as io our previous 1MQ LAB trials 
19, 16} based on the following rule*,- if pre-praadial blood glu- 
cose vaiues were below 6.5 mrnoW, the insula date was de- 
creased by 10% ; if blood glucose concentrations were consis- 
tently below 4 S mrnol/1 for more than 3 e*y» the insalin dose 
was (Jee»e»std by 20%, Jn»ui!» therepy wa» not dssconrinutd 
unkss :-b posiptaBdi8> blood gtucose conctMiations mea- 
sured at home were consistently below 7.S mnjoi/i. Psjtrtntj 
with blood glueore above 10 rorooi/l received e l&% isttease 
in insults dese cr had thtsr insulin regtmen modified. Frequent 
leiephotte ennsultaltonj were unenged wish j«!i«ots io adjust 
the ituuiin dose as required. 

lttv*tti$aiituu and /<a«ow-«fi Patients inc!«ded in the study 
-ere foliowed up by ihe sieff of the centre where they were en- 
roJiwt Fstitnu were started on a 35% carboh^diate diet aed 
leotiveC itwee to four iajeciion* daily of «ga!»t ptw inierme- 
di«e insulin. Escb parent recordeel capillary giutose cotseen- 
tration at tarring and before anti after meat* daily, {ox % sotsU 
of at least 20 week*. The subcutaneous imutlw doa* was adjust" 
ed to obtain nea^eorout b!o«t gtucore eoatenrraUons. 

Patfenut were e«ami«d weekly for the first month of tfcer*- 
py and then montbiy by the same- team Ol physicians in each 
participsting centre. Drag tonicity was evaluated at faliow-Kp 
visits, by liver and renal iuncrioa tests and torsi blood eoust. 
Oiyeaied hserooglobin (HbA, J (normal ra«*t 4-7%) wsss 
meawred every 3 month* by a cotuma assay (Sto-Rad, Milsn. 
Italy), and basal C peptide concentration wa» «v*fe*ted after 
eugfycaemia was achieved before entry iaio the trial, and at 
J.tnonthjy iaiervatj for t year thereafteir. C peptide eonceatta- 
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lioB *.« meituied by ratSoimmunsjassay. using a eommetcai- 
!y svsfjcfete ki« (B»o-Rsd). The normal ita&e of fasung Cptsp- 
fid* tstsbrished in ISO control subjects, 7t fem.fet and 
7* aisles, tijed years, median IS ycirs, with no family ats- 
tsryOfType I diabetes was CX3S-1 RmoUlwitbintfaeoelTtftents 
and tntercocfftcienW varying Utwten 10% and t>%, retpee- 



taa»f<bediei^lA),«»pte*ted3jae(WS- 
eerwauor. of units/5 nl serum, were meajurcd in serum sam- 
ples drawn from V patients ttesred with oral insulin and 18 re- 
eeinaa placebo the b«s£»njflg of the trial and after 3, « *sd 
11 months of tjeatment and sawed «t -UJ'C. A roodiCattion 
of the miorsMSKtw-tiioiSng assay of William* {l J J was used as 
desariberf previously [ttj. The threshold and 59* centre et» 
ecfjlw* subjects. 51 lemaies sod 46 males, aged 2-48 years, roe- 
auts 25 years, with no family history of Type 1 diabetes, was 
ttjtitialed at greater than 4.4 insulin antibody units. 

Situation of rtspvrvt lo therapy. Response 16 therapy was 
ostMUiowd throughout the study by Snresttgating the occur- 
resce of ritaical fcompleie) remission defined, accoreieg to 
the reconuBeadstiorts of the tmerasliortai Diabetes Immuno- 
therapy Croup (IDtC), as restoration of norma! l&stiag and 
jKsstpraodis! Meed glucose concentration without any insulin 
tte««e« for more thsts 2 weeks \6\ Moreover, metabolic con- 
"o« (C peptide, KbA„ and insulin dot*) »a» evaluated at 
J-rnoMlUy intervals. 

S*Mpie tiu aid miUtiatt tuitljtis. Th « number of patients to 
be mei»<4«4 in ihe study was calculated from sn analyst* of re- 
sults of trials published in the paM (courtesy of tDJG Ret>(ry). 
Setting a<ph» (p«bibiSity of a iytw 1 error) equal «<j O.OS and 
betafptocabiiity of it type If etror) equal to 90%. the required 
antpJt sins was 71 patients for » two-aidtd test. To etwurt the 
apprtsfiriat* aaanplt riae, K2 pattettut were retruited to ailow 
(ordtapouts. 

RtssuiMi ootsined in the different treaiment groups weie 
analysed btutd by a team of ttatisiicians; OiSIutntta in ciinicai 
retnasiart proportioo* between twtienl jtoups were evaiuated 
iy ttw one-sided Fisher a easet probabiitty teat For Uw ansty- 
sisof t)w tntejrttud measure* at metabclie ccrttrol <C pepiide, 
HbA„ »n4w*utin (ferae), an anafyais of variance w« doae; fot 
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Rccruitroenl lasted 1 yea/. There wertt m significant 
deferences, between the two groups or patients in 
baseline ctioicai characteristics and metabolic cortlrtj! 
at the time of enrollment (Table 1). Norte of the rrs* 
ttertts suffered from any olher autoimmune disease. 



Drppouu. Only two patients withdrew from the study 
and this was because of poor compliance. 



Mttaboiic data. Qtriical temtsssoa was observed to 
one patient (lasting 3 months) ia tbc oraJ insulin 
group and one patient (listing 8 montiis) in the piace- 
ba group. Josulin recjuirerineni was significantly re- 
duced in all patients after 3 months of treatment com- 
pared with the beginning of the trial but the patients 
treated with oral insulin and placebo did not differ its 
this respect (Table 2). The subcutaneous insulin dose 
required to obtain optima! metaboJic control was 
similar in the two groups al <S, 9, and 12 months. Basal 
C-peptidc secretion over 1 year of follow-up had & 
similar pattern in both groups of patients, with an ini- 
tial increase (compared with diagnosis), followed by a 
s teady decrease which was slightly more pronounced 
in the prat insulin group. When age at diagncsis was 
taken into account, insulin dose, HBA< C values and 
C-peplide concentrations in patients older titan 
15 years {» = 23) were not different at the beginning 
of the trial between oral insulin (» * tf>) and place- ■ 
bo-treated (n » 12) patients and did not change thete- 
aftet In patients younger than 35 years (n ~ 52), C- 
peptide concentrations after 9 and 12 months tended 
to decline mote in the oral insulin {n »28) that* in 
the placebo group (n » 24). although the difference 
between the two groups did not reach statisticai sig* 
nificance (fNg.l). Good metaboiic certtrol was 
achieved by alt patients, as shown by the rapid de- 
cline in HbA lt values after diagnosis, which persisted 
until the end of the study. Finally,, no adverse effects 
were noted in patients receiving either oral insulin 

Insulin antibodies. Jnsutirt antibodies were detectable 
at disease ooset in 17 out of 27 (63%) patients receiv- 
ing oral insulin aod 8 out of IS {44 % ) tecei vjng place- 
bo; the humoral response against insulin Increased 
during the study in 23 of the patients receiving oral 
insulin and 15 of those treated with piacebo. He dif- 
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FSg,l- Basel Cpepiide toncenirwioa (mcj» t SO) in patient* 
yo«ager than IS year* treated with oroS insulin (« » 2S. — ♦-} 
a/ut piiecba (««H. — «— ). Values were tower at 9 a ltd 
12«iooit» to the patient* treated with oral insulin, bawevsr 
tbty wt£t not yafistitaSiv atfeieat tram the** patient* treated 
wtb placebo 




F^t 8i»«.whttktr ploi of msuiio aniiboJiies meawred at vsr- 
« W tin* points inpststriu t(e»)«4 wii h or»l Swirtio (6J(s<( box- 
es) o» pSscebe {OfitB bows). Valu« betwee* the two groups 
were aos itattsticsliy differeat at any time point 



fereaces were observed betwee rt the two groups in 
the proportion of patients with IA or in the median 
msuha ir.t.ootJy concentrations at sit time points, al- 
though 3 trend towards lower antibody concentra- 
tions was evident in the group treated with oral insu- 
lin after 3, « and 12 months of treatment (Fig. 2). 
when antibody results were analysed according to 
age at diagnosis (J 5 years), levels of I A after 3, 6 and 
J2 months were higher in younger patient* (« » 32) 



than in elder subjects (it * 13) (p<0.Q2 at all time 
points) but no significant differences were observed 
between patients treated with oral insulin sad these 
treated with placebo when subdivided by age (data 
not shown). 



This double-blind trial with oral insulin in patients 
witb recent-onset Type I diabetes was designed to as- 
sess whether the addition of oral insulin at the tune of 
clinical diagnosis could main tain or even improve the 
residual beta-celt function which is usually detectable 
in these patients. Oral insulin had no effect on tesidu- 
al beta-cell function, as assessed by C-pepJide secre- 
tion. Furthermore, patients treated with oral insulin 
who were younger than 15 years at diagnosis showed 
a tendency for a mart pronounced decline of batai 
Opeptfde concentrations 9 and 12 months after diag- 
nosis compared with patients matched with them for 
age but treated with placebo, although this difference 
was oot statisiicaiiy significant. We did not measure 
stimulated C peptide but limited the iovestigation to 
baseline C peptide concenuaiions. These were mea- 
sured under strict and controlled conditions of fasting 
blood glucose less than 180 mg/kg at the time of sam- 
pling (if blood glucose concentration was higher satn- 
pimg tor C peptide was postponed). The night before 
the test patients were also advised to have a light 
meal and avoid any unnecessary stress- la the light 
of the results of baseline C-pcptide concentrations it 
is doubtful that oral insulin bad an effect on those of 
stimulated C-pepude- Older patients also did not 
benefit from the addition of oral insulin; thus, ibis an- 
tigen-based therapy, which is supposed to induce tol- 
erance to a key antigen (e,g- insulia) in Type I diabe- 
tes, seems to be ineffective (at least at the doses used 
in this trial) in protecting residual bets-celt function 
in patients with recently diagnosed disease. 

There are a number of possibilities to explain 
these findings. One is that the orat insulin daily dose 
used in this trial (5 mg) was not sufficient. Several ex- 
perirocniaS data have indicated that the dose of anti- 
gen is a critical factor for lolcrancc induction in au- 
toimmune diseases {13}. A similar trial in France, io 
which two doses of oral insulin (25 mg and 7.5 mg} 
were used and preliminary data presented in abstract 
form did not show any effect |J4). As the addition of 
ora) insulin does not influence metabolic control, 
higher doses of orat insulin should possibly be tested. 
The use of an adjuvant carrier to increase the totero- 
gen capacity of insulin is also worth consideration 
for tolerance induction, with imputations for clinical 
useilSJ. 

Another possibility is that at the time of clinical dJ. 
agnosisof Type I diabetes residual beta-cell mass is so 
small that the efficacy of this treatment cannot be de- 
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tecied, Tfewmight bcdiflttcni in pre "type I diabetes, 
in which beta-cell mass is almost unaffected end the 
spreading of the autoimmune response to a number 
of other antigens, which generally amplifies the rate 
of beta-ceil destruction, is still limited In such a case 
tolerance induction might still be possible with ittsu- 
list* it «, however, of concern that in our trial treat- 
meat with oral insulin seemed to accelerate the de- 
cline of beta-cell function, at least in the very young 
subjects, because tosulixt is considered to be the major 
target of the autoimmune attack against beta cells, es- 
pecially in young patients. In other autoimmune con- 
dttkmf» the addition of oral antigens lias induced an 
accelerating effect on disease progression ( 16}. A rea- 
sonable concern is that if oral insulin has no or nega- 
tive effects on the natural course of beia<ell destnic 
lion to tee first year after diagnosis it might have sim- 
ilar effects when given before the onset of overt hy- 
pergjyeaemia. The trend towards lower IA responses 
observed in patients treated with oral insulin might 
reflect a modulation of the response induced against 
exogenous insulin. The reduction was, however, not 
statistically significant, so it is difficult to rJraw any 
definitive conclusion on the effect of oral insulin giv- 
en at disease onset in terms of modulation of anti- 
gen-specific immune reactivity. 

All these concerns apply to the prevention trials 
designed to test whether intervention during the pro- 
dromal period of Type I diabetes can delay its clinical 
onset. Specifically, the objective of the DPT 1 is to 
determine whether antigen-based therapies (e.g. in- 
sulin) in noa-diabeiie relatives of patients with Type 
J diabetes esn delay the development of overt clinical 
disease [Ij. Based on the results of our trial attention 
should he paid to the subjects in the oral treatment 
group of DFT-l trial to find out whether oral insulin 
affects C-peptide secretion or insulin antibody con- 
centrations. 

In conclusion, the addition of 5 mg daily of oral in- 
sulin to regular subcutaneous insulin therapy has no 
effect on residual beta-ceil function in patients with 
recent-onset Type 1 diabetes and docs not modify 
the humoral immune response against the hormone. 
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Pathways for self-tolerance and the treatment of autoimmune 
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Antigen delivers bath immunogenic and tolerogenic signals to lymphocytes. The outcome of antigen exposure 
represents a complex integration of the timing of antigen binding with signals Irani 



tolerogenic cnstlmulatory pathways. A road map uf tl 



to bo 



revealing the mechanaim of action and limitations of current Immunotherapeutlc agents and the points of attack for 
new agents. Clclosporln and tacrolimus Interfere with tolerogenic signals from antigen In addition to blocking 
Immunogenic signals, thus preventing active establishment of tolerance. Corticosteroids Inhibit a key Immunogenic 
pathway, NFkB, and more specific Inhibitors of this pathway may allow tolerance to be actively established while 
immune responses are blocked. New experimental therapies aim to mimic tolerogenic antigen signals by chronically 
stimulating antigen receptors wfth antigen or antibodies to the receptor, or aim to block costimulatory pathways 
involving C04O ligand, B7, «r Intorieukin 2. Obtaining the desired response with these strategies la unpredictable 
because many of these signals have both tolerogenic ana Immunogefile roles. The cause of autolmune diseases has 
been determined for several rare monogenic disorders, revealing Inherited deficienolos In tolerogenic costimulatory 
pathways such as FAS. Common autoimmune disorders may have a biochemically related pathogenesis. 



Self-tolerance is an essential feature of the immune 
system, and works to protect tissue antigens from 
becoming targets of damaging immune responses during 
clearance of infection. The immune system normally 
exhibits exquisite specificity in distinguishing infectious 

antigens from self antigens. Vigorous antibody or T-cell 
responses -axe mounted against infectious antigens, 
whereas self antigens generally elicit only transient or 
weak responses even when incorporated into an 
infectious p article. 

Adaptive immune responses start with the binding of 
antigen to antigen receptors on rare lymphocytes. The 
number and activity of these cells is then greatly 
expanded by clonal proliferation and differentiation. The 
response of individual lymphocytes is governed, however, 
by opposing immunogenic and tolerogenic signals, and 
the latter normally prevail tor lymphocytes that bind self 
antigens. Disturbance in the natural balance between 
immunogenic and tolerogenic signals due to genetic 
factors can give rise to autoimmune disease. Progress in 
delineating these opposing signals provides opportunities 
to correct the primary disorder in autoimmune patients. 



tolerogenic signals 

Two baric types of extracellular stimuli control 
lymphocyte growth and development (figure 1). The first 
is antigen* 'signalling, through clone-specific antigen 
receptors. The second is cc4timull, which encompasses a 
number, of signals, through receptors that are not antigen 
specific. Importantly, particular antigen < 



signal are rarely obligately Immunogenic Dr tolerogenic. 
Their riming and the way they are integrated at key 
checkpoints in lymphocyte development determines how 
a lymphocyte, responds. Strongly immunogenic costimuli 
can ihift the balance to immunity in the face of strongly 
tolerogenic antigen signals, and strongly tolerogenic 
costimuli can over-ride strongly immunogenic antigen 
signals. Deciphering the molecular logic behind this 
signal integration is the central challenge facing clinical 
manipulation of tolerance and immunity. 

Immunogenic and tolerogenic antigen signals 
Antigens transmit «iE r "* 1< to lymphocytes fay binding to 
B-cell receptors (surface immunoglobulin on B cells), 
and m T-cell receptors (TCIU) on T cells. B-cell 
receptors and TCRs signal through a cascade of protein 
tyrosine kinases and protem-lipid phosphorylation. 
Antigen transmits immunogenic or tolerogenic signals to 
lymphocytes through these receptors. Continuous 
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Figure 2: Btoctowrtcally tflstlnct algiral* underpin Immunogenic ' 
and tolwogimlc responses to anUgan In B lympbacyta* 

Immunogenic signalling occurs when antigen It ancountered suddenly By 
mature B oalls, and Is augmented ty nwkiiterfng of complameru C3d- 
reeeptor, CRZ and concurrent rtlmulatJon by C040L (ran helper T ealta 
or bacterial products auch as Bpopolysacchiiride (LPS). Ora of the chief 
pathways aeoratsd by those sltfials Is N^B. a ONA binding prate in family 
that mouea fa me nod bus one* acBvoted. In me nudeua. WkB U ptvotoi 
to sttnuMng: raprtaalon of meny toy 8 lymphocyte growth genes, 
promoting cell prolrferatkui and antibody. Trie Bcefl reeaptor also 
activates Bnotfw DMA binding protein, NFATc which moves « Iha 
nucleus after calclumtadused dephospriorytBilon and can worK 
•OTerglafcair, vrfth NFkB. On R£ own, NFATc can activate Inltlbttvy ganes 
such as the Inhawtory receptor C072. Toleroganle signalling occurs when 
antts* la encountered chrordcaiy. "hi* results In U*****^. 
that dimmish caldum signalling so that NrVB Is no longer ertfwrbed. Co- 
cluataring of trra receptor for lg<5, Fc-ytt2b. also inhibit* immunogenic 
sfarnalPng to NF*B. Abaenoa of costimuli such as C04QL or LPS la alio 
critical to allow tolerogenic signalling to proceed In the abaenoa of NF.B. 

binding of antigen over several days, as is often the case 
for self antigens, usually transmits tolerogenic signals. By 
contrast) a sudden increase La receptor cxossliniing, as 
occurs in most infections, tends to aansmit immunogenic 
signals. Binding of antigen during immature lymphocyte 
formation in bone marrow or thymus, as occurs for many 
self antigens but few iafecriaus antigens, tends to be 
tolerogenic. 1 Immunogenic signals are favoured when 
antigen is first encountered after lymphocytes have 
matured and reached the secondary lymphoid tissues, 
where infectious antigens tend to be trapped. 

Immunogenic and tolerogenic antigens elicit different 
biochemical signals within rynrphocytes 2 (figure 2). These 
biochemical differences provide opportunities to develop 
imrrrano8appTessants that mirror these different signal 
patterns. In tnaiure B lymphocytes, tolerogenic signalling 
by antigen elicits a smaller calcium response than 
irnmunogenic antigen. The calcium concentration 
achieved with tolerogenic signal* la enough to activate the 
nuclear factor of activated T cells (NFATc) but 
insufficient to activate the nuclear factor kappa binding 
molecule (NFkB). NFATc and NFkB are DNA binding 
rjanacrrption factors that promote expression of different 
act* of gpw* NFAT is essential for turning on 
lymphocyte Inhibition as well as activatcry genes, 
whereas NFkB is more purely immunogenic, because it is 
esseodal for inducing genes necessary for B snd T cell 
proHferarioa and antibody production. As a result, a 
different pattern of gene egression is established by 
tolerogenic and inmiuno genie exposures to the same 

^Derhtieney of die NFkB tRtrMcription factor, O-tel, 
aboUshea both T and B cefLs' imrnunogenic responses to 
antigen.* The inherited rrnrnnnodefkiency syndrome, X- 
Haketj agarnmaglobtJuiaemia, is caused by defects in 
Bruton's tyrosine kinase (BTK), an intracellular enzyme 



ffar iii essential for immunogenic signalling to NFkB by 
'B?c*u--receptare.? Tolerogenic slgrulEng "to antigen 
i^insJntacr or eTuutnced in BTK-defective.B cells. 
This selective role in immunogenic signalling might 
explain the powerful suppression of ^ysretbic lupus In 
NZB/W mice when defects in BTK are introduced 
by breeding.'' The selective role of the BTK/NFkB 
pathway in irrununogeriic eignatling to antigen thus 
makes it an attractive target for new immunosuppressive 
drugs. 

'mmufictge/i/c costitnutt from m/croorgancwrta 
Costimuli arise from many sources in the lymphocyte 
iniaoenvironment. Perhaps the only purely 
imrnunogenic costimuli come from conserved 
components of infectious microorganisms. The 
Hpopolysacenaride (LPS) moiety of bacterial cell walls 
snd DNA rich in the dinucleotide, CpG from bacteria 
both activate the NFkB pathway in lymphocytes through 
surface receptors of the Toll-like receptor (TLR} farmly 1 ' 
(figure 2). These inunnnogenic cosrimuli also signal 
rvmphocytes mchrecdy by activating antigen presenting 
cells— dendritic cells, macrophages, and B cells, to 
produce additional immunogenic costimuli such aa the T 
cell activating cell surface protein B7 (CDBO) and the 
inflammatory cytokine tumour necrosis factor alpha 
(TNFct). Bacterial adjuvants have been explored as 
experimental therapeutics to promote immunogenic 
responses to aumantigens on rumour cells hut give rise to 
other undesirable inflammatory effects. Their effect may 
be more specifically emulated by activating dendriric cells 
bearing tumour antigens in vitro and giving these cells to 
the patient. 

Costimuli from stressed and crying ce//s 

Cell death through apoptosia occurs physiologically ai 
healthy tissues without irdlamrnation or immunogEniciiy. 
Engulfment of apoptouc cells by tissue macrophages, 
dendritic cells, or fibroblasts elicits signals through _ the 
phosphatidylserine receptor that promote synthesis of the 
tolerogenic cytokine, rjansformmg growth factor beta 
CTGFB; figure 3) and inhibit production of the 
irnmunogenic cytokine TNFot-' By contrast, pathological 
cell death by necrosis links antigens with immunogenic 
costimuli. Necrotic cells, and antigens released from 
necrotic or stressed cells completed with the beat-shock 
proteins, Hsp96 and Hap70, activate dendriric cells to 
express irrrniunogeruc coBtimuli mchiding B7 and 
TNF«- lw ' la patients and animals models with 
developing neoplasms, increased production of these 
immunogenic costimuli through cell dysplasia and 
necrosis may account for the frequent detection of 
subclinical autoantibodies and for the less rxequent 
paraneoplastic autmmrrrune syndromes. The latter might 
simply reflect rare clinical mamfeautions of common 
aurmmmune responses to dysplaatic tumour cell 
autoantigens, as a result of chance reactivity of the 
amoantirjodies with a vital cell receptor. Likewise, cell 
stress and dyafuncrion in specific organs, «uch ai the 
pancreatic beta cell, may be an immunogenic cosnmulua 



Dual rota of the complement system 
Activation of the serum complemeni system by foreign 
ecus or particles produces rwwfrxfnlly immunogenic 
cosdmnU, partly by covalenuy tagging the infectious 
antigens with the complement cleavage product : G3d. 
C3d sianaLs inmirmogenicalry to B lymphocytes, through 
the complement C3d recepwrs, CR1 and CM (CD21 
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aeuuwad. m the nucleus, UHB is ptocal to sumuaune egression of 
many key T lymphocyte growth genes. promoting cell oroKteralton and 
Inflammatory cytokines. The TCfl also ncUvataa another UNA binding 
protein, NFATo, which mowss to iha rmdeus alter ra Ichiro-Induced 
dephosptwylatlon and can work synenjistleally with NFkB. On la own, 
NFATc can activate Bihlhftwy (Jwm such as the death reaentor llgand. 
RkL Tolerogenic signalling occurs when antigen Is enoountenid 
chrortcEHy, which results In InhlWtory changes that diminish caldum 
slcnelllng so that h'FiB Is no longer octMited. C02S is downregulstefl 
and an Inhibitory receptor for 37, CTLA4, Is upregulated. Concurrent 
stimulation by TCfB Inhibits ex 



and CD35), when a C3d-tagged antigen causes 
clustering of these receptors with the B-cell receptors 
(figure 2). Complement components Cl, C2, C4, and 
the CRl/2 complement receptors are also important for 
deliverinE- tolerogenic signals, since inherited deficiencies 
of these elements in human beings and rake are 
associated with susceptibility to autoimmune disease. 
Clq deficiency leads to an inability to clear apopwdc 
cells efficiently, and this may either diminish the 
tolerogenic signals elicited by physiological cell corpses or 
allow them to become immunogenic. " 

Oual role of the 87 system 

Cell surface proteins of the 87 family! displayed on 
antigen presenting cells such as macrophages, dendritic 
calls, and B lymphocytes, deliver immunogenic cosrimuli 
to T cells by nignaiiing through the CD 28 and inducible 
TOBrimulator (ICOS) receptors 1 *" (figure 3). The B7.I 
and B7.2 proteins are induced on antigen presenting cells 
by other immunogenic cosrimuli, such as LPS, necrotic 
cells, or immunogenic. antigen receptor «p goals in B ceils, 
creating a cascade of immunogenic signals. Immuno- 
suppressive therapy aimed at blocking the immunogenic 
effects of B7.1 and B7.2, notably the recombinant 
protein antagonist CTLA4-lg, has been shown to 
implore thVaymptoms of psoriasis. 

B7/CD26 cosrimuli are tolerogenic in other contexts, 
notably in immature thymocytes where they enhance 
donal deletion. The B7/CD23 pathway also promotes 
tolerance by afoniting the formation of regulatory 
GD4+CD25+ T cells that may be recniired for tolerance 
to tissue antigens." B7.1 and B7.2 proteins also transmit 
tolerogenic signals to T cells by engaging another 
receptor, CTLA4, that Is present at ray low levels in 
resting T cells and subsiaanally increased by cbrwriir 
antigen signals 1 * (figure 3) . The importance of CTLA4 as 
a brake to the system is shown try the lethai Inflammatory 



•Tanaggmpjicp^ m CTIA4- 

^^^^^at etr aacF by;^jme-(attgmented autnimnrune 
TjhSJj^^t^iSffieJaOQnUjrMgej^ 
is blpcfced-wlrh anrioodies. 

Dual role of. TNFa amity or proteins ana recepwre 

'Activation df . X *-^il* nn*j other ^ti p^ or adaptive 
immune cells elicits an important and growing class of 
immunogenic and tolerogenic cosrimuli related to the 
cytokine, TNFa. TNFa itself has a pleiotropic effect on 
immune responses and inflammatory cells."* 1 In some 
contexts, TNFa promotes self-tolerance and CD 8 T cell 
deletion, whereas in others TNFa promotes T cell 
activation and autoimmune disease. Inherited 
deficiencies in TNFa or its receptors in mice results in 
poor cytotoxic T-ccll-mediated resistance i 



needed for humoral immunity. J 
arthritis improve after blocking TNFa with antibodies or 
recombinant protein antagonists, indicating that 
production of this cytokine by T cells in the synovium has 
a key inflammatory tole. n 

CD40-ligand (CD40L) and Fas-iigand ate two 
proteins related to TNFa with essential regulatory 
functions. Bom arc membrane-bound proteins displayed 
on T cells following T-cell receptor signals. CD40L 
engage* its receptor, CD40, on B cells and dendritic cells 
to activate immunogenic responses through the NFkB 
pathway." The importance of CD40L as an 
immunogenic costimulua is shown in children and mice 
with inherited CD40L deficiency, the X-linked hyper- 
IgM syndrome, where there is an absence of IgC 
antibody responses and detective T-cell immunity. 
Experimental therapies based on blocking the 
immunogenic effects of CD40L on B cells and dendritic 
cells with antibodies showed spectacular promise in 
animal models, notably achieving long-term allograft 
tolerance in primates.*' Clinical trials in human beings 
hove been suspended, however, because of 
thromboembolic ccanplkadons in a subset of 

participants. 

CD40L also seems to have an important tolerogenic 
role, since GD40L~de£dent children are also commonly 
affected by autoimmune disease. CD40L is needed as a 
tolerogenic signal for B cells to increase expression of Fas 
(CD95), the receptor for FAS-L." FAS itself transmits a 
potent tolerogenic costimulua by triggering the death and 
deletion of serf-reactive B and T lymphocytes. 
The Importance of the FAS pathway is seen by the 
systemic Autoimmune Lymphop rolifera rive Syndrome 
(ALPS) in human beings and mice with inherited 
deficiencies in FAS-L, FAS, or the downstream protease 
Caspase-lO.' 1 -" 

fnWWo/y co-neceptws 

This is a rapidly growing class of receptors That transmit 
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phosphatases. The prototype for this family is the low 
affinity receptor for IgG, Fe*R2b, on B cells." Antigen 
and antibody complexes cause the antigen receptors to 
cluster with FcfR2b, rrtcventing B cell activation by 
otherwise immunogenic antigens and, instead, triggering 
death and deletion of the B cells (figure 2). This 
mechanism ia believed to explain (he tolerogenic effect of 
anti-RhD prophylaxis, in which small amounts of IgG 
anti-RhD antibodies given to Rh-oegative mothers 
prevent maternal antibody responses to fetal RhD 
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\— ct .ver both "Immunogenic end 

]U"^l^hocjW«.-Thi»-balance.iB welL fflua crated 

byinteaeuUns 2, 7, and 15."** All three signal T and B 
cells through multisubunit receptors that share a 
common gamma chain (-yc). Inherited deficiency of the 
■yc subunlt accounts for X-linked Severe Combined 
Immunod«ficieiicy, characterised by lack of naive or 
memory T and B cells. IL-7 delivers essential costimuli 
through yc that promote naive T and B cell formation in 
thymus and bone marrow and promote survival of naive 
T cells in the lymph nodes. Similarly, growth and 
persistence of memory CD8 T cells is promoted 
primarily by TL-15. By contrast, the essendsl function of 
EL-2 in vivo is to deliver a tolerogenic cosrimuhis, despite 
its original discovery in tissue culture as a so-called T-cell 
growth factor. Mice lacking IL-2 or the unique IL-2 
receptor alpha subunit develop a severe T cell 
lymphoprolifer&trve disease with numerous 
autoantibodies. IL-2 sensitises T cells to receive 
tolerogenic signals by the Fas receptor system, and may 
also be required to sustain s tolerogenic subset of 
CD4+CD25+ regulatory T cells. 

Transforming growth factor beta (TGF-P) delivers an 
important tolerogenic signal to lymphocytes, and mice 
lacking this cytokine rapidly develop a lethal syndrome of 
lymphocyte hyperactivity and autoantibodies." TOF-P 
inhibits the entry of lymphocytes into the cell cycle, and 
thus might establish a high tolerogenic threshold against 
which immunogenic signals from antigen and costimuli 
must work to initiate lymphocyte responses. The early 
response to immunogenic antigen is differentiated from 
tolerogenic antigen responses in pan by rapid 
downregulation of irihibitory transcription factors in the 
former. 5 TGF-p seems likely to establish these inhibitory 
factors in quiescent and rolerised lymphocytes. TGF-fi 
production by macrophages is induced by recognition 
end cagulftnent of cells that have died by physiological 
(noQ-inflammatory) apoptosia." Macrophages, dendritic 
cells, and T cells making TGF-P seem to promote 
tolerance to self and foreign antigens in the eye, lung, and 
gut. nJJ Linking antigen signals with TGF-p signals may 
be the basis for the experimental phenomenon of oral 
tolerance. Clinical trials are underway aimed at 
preventing type 1 diabetes or ameliorating multiple 
sclerosis by inducing oral tolerance to pro-insulin or 
myelin basic protein. 

Integration of tolerogenic and Immunogenic 
signals at different steps in the It "** 




Integration and timing of antigen signals and costimuli 
occur at numerous checkpoints in lymphocyte 
development. These checkpoint* are placed all along the 
developmental pathway, from those that delete newly 
formed B or T cells in the bone marrow and thymus 
through to those that abort the formation of terminally 
differentiated plasma cells or killer cells. Lymphocytes 
integrate, antigen signals and costimuli v ery diffe rently 
from one^checkpotnt to another, because expression of 
receptors and their Intracellular response machinery 
change during development. The rmUnpIicky of 
checkpoints exists presumably for two mam r easons. 
First, no single mechanism can adequately ensure 
tolerance to all self antigens. Second, the existence of 
multiple mechanisms balances the need far tolerance 
against the need to use ecus mat ctossreact between self 
end foreign antigens- for rapid immunity against 



immunogenic for a mature ! ryrrmhoc^ 
exclusively eolerogens for ' tiewly-fo»ediB' ; sncr^^eus'. 1 » 
The basis for the tolerogenic teg P'g^^ 0 ^C-^^ oge 
lymphocytes seems - to be "a result -of "many; - thing*: 
differences in die second messrngereelicitcd byjantigen 
receptors in immature cells, differences irr the set of genes 
that can be triggered by second messengers, and presence 
of tolerogenic costimuli in the.bone marrow aral^drymus . 
rrucroenvironmenrs. Immature thymocytes are triggered 
to die even when antigen signals are linked with costimuli 
such as H7/CD28 that would be immunogenic to mature 
T cells. In imrnature B cells, continuous B-cell receptor 
engagement with strongly erosslinking self antigens, such 
as DNA or surface antigens on haematopoietic cells, 
delivers a tolerogenic signal that immediately arrests the 
ccD's maturation and leads to clonal deletion within 1-3 
days. Some of these arrested cells reach the spleen before 
dying, but they are extraordinarily refractory or anergic to 
Immunogenic costimuli such as LPS and CD40. 
Particular combmations of immunogenic costimuli, such 
as CD40 and TL-4 from helper T ccIIb, may be able to 
over-ride the powerfully tolerogenic signals from self 
antigen in these situations and break tolerance at this 

P °Oniy a subset of self antigens are nevertheless present 
in sufficient quantity in the thymus and bone marrow to 
trigger clonal deletion. There is simply not enough 
antigen to signal deletion for most clones which recognise 
antigens present in trace quantities in the circulation or 
which are restricted to other tissues, such as the 
panctearic islets, the brain, or the thyroid. Other 
' is normally ensure tolerance to these antigens. 



Clonal anergy 

Self antigens That arc present in lesser amounts in the 
bone marrow or thymus, or that cluster antigen receptors 
less avidly, can signal repeatedly to B and T cells without 
attaining the threshold needed to trigger arrest and 
death. 1 " This constant "tickling"' of antigen receptors by 
xlf antigens nevertheless transmits tolerogenic signals, 
activating feedback mechanisms that render the cell more 
refractory or anergic to immunogenic antigen signals. 
Anergy mediates B cell tolerance to self DNA and 
chromatin, and CD4 T cell tolerance to systemic and 
pacific antigens. In both B and T cells, anergy 
o involve a selective weakening of the connections 
i and the NFkB and JNK 



othet uitractllulai pathways such as NFAT remains 
intact, so that a different set of tolerogenic genes is 
Induced and immunogenic cell growth genes controlled 
by NFkB and JNK are not called into action. The 
weakening of connections to NFkB and JNK raises the 
threshold of immunogenic signalling needed to trip a self- 
reactive cell lam multiplication. In B cells, a sudden burst 
of very avid antigen receptor clustering, or strong Signals 
from LPS or CD40, allow sufficient signalling to the 
NFkB pathway to break anergy and drive the cell growth 
cycle. 

Clonal deletion and regulation In peripheral lymphoid 

In addition to anergy, a series of peripheral deletion 
mechanisms catch self-reactive cells that reach the 
spleen, ryraph nodes, and other organs." These 
peripheral tolerance checkpoints act by shortening 
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lymphocyte Hfespaoj-lnhitaidn^ lymphocyi* imgraridn. 
and'rccteufationr or causing rapid cell deah-tn. ggrmirial ■ 



part poorly- understood in biochemical terms, with 
CBC exception of • 1he peripheral elimination of 
autoreactive B and T cells through the Fas cell death 
pathway .* UU4,J ' ■ " ~ • ■ 

Pathogenesis of autoimmune diaaaaas 

How does autoimmune disease arise? Given the range of 





self-tolerance pieces see, and the i 
maintaining autoimmune responses by deliberate r 
(for esample In medical and veterinary efforts to achieve 
immunological contraception ar castration), it is reason- 
able to ask how tolerance to one or mare self antigens fails 
in many people. The reason is as yet unknown, except for 
the rare patients with inherited monogenic disorders such 
as ALPS and X-linked hyper-tgM. 

Moit of the common autoimmune diseases also have 
an important inherited element, contributing as much as 
50% of the population risk, and particular types of 
autoimmune diseases thus cluster in families. This 
inherited susceptibility is nevertheless complex involving 
combinations of many different gene alleles. 5 ' The 
strongest contributions are made by particular haplotypes 
of the major histocompatibility complex (MHC) and 
specific HLA alleles within the MHC, whoic product* 
present antigen peptides to T cells. Exactly how 
particular MHC alleles predispose to autoimmunity is 
not yet established, and one can hypothesise too much or 
too little presentation of particular antigens by products 
of suceptible HLA alleles. Correlations between auto- 
immune susceptibility and many other chromosomal 
regions have been found in human beings and mice, but 
the complexity of the inheritance partem has made it 
challenging to identify the non-MHC susceptibility 
genes. 

Four basic kinds of defect may potentially give rise to 
autoimmune disease, either alone or in combination. A 
central challenge for clinical immunology will be to 
define which of these faults actually applies for individual 
patients, since the nature of the deficit will determine the 
success or failure of emerging tt 



Insufficient tolerogenic signalling from antigen 
In order far deletion, anergy, or regulation to be triggered 
by tolerogenic signalling through antigen receptors, a 
sufficient number of receptors must be engaged on self- 
reactive cells. Autoantigens that are only present in trace 
amounts in the lymphatic tissues will not achieve this 
signalling threshold an any bur the very highest affinity 
clones. If the autoantigen is highly expressed in 
e&ralyrnphatfc sites, as is the case for insulin, 
thyroglobulin, myelin proteins, skin basement proteins, 
and type 2 collagen, these concentrated depots of 
autoantigen might suddenly deliver an acute 
immunogenic stimulus to self-reactive cells that cha n cy 
to migrate into these sites. This situation seems to be the 
case for B cells and 3ome CDS T cells. 1 *" For 
CD4 T ceDs recognisiag such antigens, there seems to be 
some autoantigen encountered in lymphatic sites that 
might induce anergy and regulatory cells." - 

Several susceptibility genes for type 1 diabetes may act 
by further dteirdshmg this already limiting pathway 
for tolerogenic euroanrigen presentation. Diabetes- 
susceptible MHC Claw II alleles in human beings and 
mice seem less Mnrnt at presenting antigens, potentially 
frpiafnin g the heigh tened risk of autoimmunity in 
Indfriduala who are homozygous for tt " ' " * 



of regulatory -T celb to this antigen.-" •-"•"*'■ 

If the primary lesien in individuals susceptible to type 1 
di irxtes^'and.ob^ eEorgan-apocific diseases is simply one 
cf^lhadSiuite^ta^ signals- from the target self 
andgehs.'Itheh JdeEveafmg more of these antigens in a 
rolmgemci form-is. a: rational strategy. Obviously, this 
approach has the risk of ixuhiciag autoimmunity if the self 
. antigen- ls-delivered=in- an.- immimngenic form in some 
individuals, either due to the way the antigen is 
presented, to presence of immunogenic costimuli, or to 
presence of primed or memory lymphocytes that may be 
more refractory to tolerogenic signals. A better 
understanding of the molecular integration of tolerogenic 
and immunogenic signals may be critical to the sucocbb Df 
specific vaccines Bg&inet diabetes and other autoimmune 
diseases. 

Insufficient tolerogenic signals from autoantigen might 
also explain shortcomings of the immunosuppressive 
drugs, ciclosporin and tacrolimus (FK506). These drugs 
block the calrium/calcmeurtn/NFAT signalling pathway. 
This pathway is continually activated by self antigen in 
anergic B and T cells, and is important for inducing 
tolerogenic costimuli on lymphocytes such as CD72 and 
FAS-L. Interference with these actively tolerogenic 
signals might explain the systemic autoimmune disorders 
that can occur after cessation of the drug, and might 
account for the inability to achieve long-term allograft 
acceptance with these agents.' The presence of 
circulating autoantibodies may compound autoimmunity 
in systemic lupus by blocking the presentation of 



Too much Imunogenlc signalling from antigen 
Sudden presentation of viral or bacterial antigen in a 
highly crosslinked, immunogenic form, and associated 
with immunogenic costimuli produced by the infection, 
can provoke immune responses from T or B cells that 
croGsreact with the microbial antigen and a self antigen. 
In animal models, this route can activate ignorant T and 
B cell clones that, through a combination of lower affinity 
receptors and limiting self-antigen presentation, had not 
received appreciable tolerogenic nignal3. ,, '" UMl Moreover, 
if the is 
sb oca 
B cells, the si 

antigen signals to break anergy*"* or over-ride clonal 
deletion.* Whereas s microbial trigger is postulated to be 
the cause of a number of common autoimmune diseases, 
perhaps the best established clinical example is the 
* ' "image of heart valves by 
t between valvular antigens and 



self-reactive 
- responses are usually transient and lack 
si and practical situations in 



which tolerance is transiently broken by Immunogenic 
delivery of self and foreign antigens. This phenomenon is 
a longstanding problem for medical and veterinary efforts 
to achieve w"rrnrfH | yontni'*fr t ^ < " 1 and tmmuno castration, 
in which the autoantibody titrea CO pregnancy or sat 
hormones fall prematurely in the face of heightened titrcs 
to the foreign, carrier proteins. Susceptibility to full-blown 
amoirmTfone disease might therefore reouire that a 
crossreacrive trigger be coupled wtm deficits i 



feedback on sdf antigen responses. 
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u-.^—k-er^iHajtoiiiiijiane disorders that are 



tSEmiaarrooiog^erait^in- human. bemgs ar^roiee- 
• arise- ftoni-- d«£dcada«of : teuerogrmic.costimutt.. 
dearest ' examples is munan autoimmune lymptio- 
P TOBfttwhir:»sndfome (ALPS), which results- tram 
partial or complete deficiency in rivalling by the death 
receptor FAS." Similarly, deficiency of CD40L in X- 
Iinfced hvper-IgM syndrome is commonly accompanied 
_by autoimmune disorders that might reflect the need for 
~Cb40L to induce Fas oa Eelf-re«cnve B celii." The 
monogenic autoimmune disorders listed above are 
Clini-^ITy distinct tram the common forms of 
aumiromune disease, but they illustrate the essential and 
rum-redundant role of tolerogenic costimuU as brake* on 
Butoimmunity. Common autoimmune disorders 
probably arise from eoUecdons of more subtle gene 
variants that collectively diminish the same tolerogenic 
pathways. In support of this notion, the type 1 diabetes 
susceptibility gene in the NOD mouse, ldd3, aeems to be 
a variant form of LV2 that may reduce the uwivo 
efBcacy of this tolerogenic costimulus.* 1 

Too mue/i Immunogenic costimuli 

There are many artificially engineered animal models 
where overoepression of immunogenic costimuli 
predisposes to autoitnmune disease. For example, mice 
that weWess TNFo, B7.1, IL-2, or IL-4 on 
pancreatic islet 0-cells arc predisposed to type 1 
diabetes." Cell death by necrosis releases antigen* 
cgmplcxed with immunogenic cosrirnuU, notably the 
heat-shock protdns HSF70 and HSP96, and necrotic 
cells activate dendritic cells. An increase in these 
tolerogenic unmunogemc costimuli might explain the 
inimunugenitir? of dysplastic rumours that are 
commonly manifested by the appearance of subclinical 
antoantibodies to tumour antigens and by paraneoptoric 
autoimmune syndromes. Along similar lines, die inability 
to dear dead cells or chromatin might provoke systemic 
lupus in people with complement CI q. deficiency." 



Targets foi current and future therapy of 



autoimmune disease 

The unfolding of the human genome project wiu 
accelerate assembly of a molecular map of inununogenic 
and tolerogenic signalling pathways. Transbdng this 
knowledge into cures for common autoimmune diseases 
will involve researchers addressing two key challenges. 
First, we must develop ways to diagnose the xmderiymg 
cause of autoimmune disease in individual patients. 
There is probably Httle to be gained by fwtog an 
exogenous source of tolerogenic cosomuh such as TGF-§ 
or Fas-ligand to patients with an underlying problem 
further downstream In the receptors or signal- 
trsnsducrion pathways for these molecules. Methods for 
obtainins a genetic fingerprint of thousands of 
irnmmioJoKicauy relevant genes will soon beco me 
available, and these might provide a way a BflcTthst the 
likeljNpathogenic deficits in mdMduais. OmCiraanon 
will probably require diagnostic biotnarkm or suerafic 
assays for discrete irmmmogenlc or tolomjenic pathways 
that can be done on blood samples. 

The second critical element fa development prawn 
or small molecule trtOTpeurics that un-get critical 
pathways, either augmenting tolerogenic pathways or 
bteking irrmrunogoiic ones. Some of the best ctrrrent 



enta for treating systermc antanruiiuuc — 
' dncaxmlcolds, chnloroo>ae, .and gold compounds, 
m ro work by blocking the Jarnnmogenlc NFkB 



atitoM&liBsroreacats cmifrheae- agentt depend? on.- 
d^HO^ni'the action to i|»<^iuhs«i3^^ 
aadf^vcio^-Che-.u^ 

gmcocomcoids. To cure folly devdoped mitoimmumr* 
drug targets , will need, to come from unterstandrng-why 
memoryiT and B cells are mote refractory to Tderogenic_ 
signals* and why they are less- dep«denrnur*n 
immunogenic costimuli. • 

Bngineeted proteins and antibodies aimed at blockiog 
specific immunogenic costimuli upstream of- n™, 
notably antibodies against TOTcu a .CD40L,^.iuid- the, 
blockers of B7 Uganda of CD2S, have shown great 
promise in mouse models and in clinical tnals as agents 
to treat rheumatoid arthritis or establish transplantation 
tolerance. These stracegiea may be most effective in 
individuals with healthy tolerogenic signalhng, suchas 
patients undergoing organ transplantation, where the 
underlying defect is known to be an excess of 
immunogenic antigen and Irnmunogenic cosnmuli- In 
this case, temporarily blocking the immunogenic signals 
selectively should allow tolerogenic antigen and wsrmiuli 
to establish an active, ttdnfercing state of tolenmce mat 
persists when blocking therapy Is stopped However, if 
inherited deficits in tolerogenic agnaThng prevent 
restoration of tolerance during a brief window of blocking 
therapy, it will be necessary to continue the immunogenic 
blockers for long periods, even though there are many 
complications associated with long-term umnuno- 



' U An* attractive notion is the idea of sculled, negative 
vacclnea; vaccines that could deliver specific antigens in u 
way that augments tolerogenic rather man immunogenic 
sknalling. to animal models, delivering low amounts of 
antigen by the mucosal route, either ingested or nasally, 
can act as s potent telerogen. This process might perhaps 
work by linking the antigen with the tolerogenic 
costimulus, TGF-P, which features in mucosal taunune 
responses.*" The rust clinical trial of oral tolerance was 
unsuccessful, pointing to the need to understand better 
me mechanisms involved and to develop ways to achieve 
more reliable linkage between tolerogenic anngen and 
suitable tolerogenic costimutt. likewise, rational 
molecular strategies are needed to improve the success 
Ste^empi^ regimes for deser.irising to 
reactions to pollens and venoms and to restore tolerance 
to blood products such as dotting factor VIII. 

TbVcJuTLiing example of a successful toleragemc 
vaccine Is the prevention of erytliroblas tos^fietalto m 
Rh-anticen Incompatible pregnancies by gmng small 
amourZrf anti-RhD antibody. The antibody converts an 
immunogen (fetal red cells) into a tolerogen by recruiting 
a toleragenic costimulua, FcyR2b The wide ™«"™f 
cost-benefit of this simple method Is an example ofht^u 
should become possible m shift the balance back towards 
tolerance in an antigen specific way for many 
autoimmune diseases. The key lies in understanding the 
molecular interplay between immunoi^c 
tolerogenic pathways and having a way to forge the 
SSd^ewgoiic connections in specific lymphocyte 
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METHODS EMPLOYING AND COMPOSITIONS CONTAINING 
PLAQUE ASSOCIATED MOLECULES FOR PREVENTION AND 
TREATMENT OF ATHEROSCLEROSIS 

5 FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to atheromatous plaque associated 
molecules for prevention and treatment of atherosclerosis and related disease 
and, more particularly, to methods and compositions employing plaque 
associated molecules effective in inducing mucosal tolerance and inhibiting 

10 inflammatory processes contributing to atheromatous vascular disease and 
sequalae. 

Cardiovascular disease is a major health risk throughout the 
industrialized world. Atherosclerosis, the most prevalent of cardiovascular 
diseases, is the principal cause of heart attack, stroke, and gangrene of the 

15 extremities, and as such, the principal cause of death in the United States. 
Atherosclerosis is a complex disease involving many cell types and molecular 
factors (for a detailed review, see Ross, 1993, Nature 362: 801-809). The 
process, which occurs in response to insults to the endothelium and smooth 
muscle cells (SMCs) of the wall of the artery, consists of the formation of 

20 fibrofatty and fibrous lesions or plaques, preceded and accompanied by 
inflammation. The advanced lesions of atherosclerosis may occlude the artery 
concerned, and result from an excessive inflammatory-fibroproliferative 
response to numerous different forms of insult. For example, shear stresses are 
thought to be responsible for the frequent occurrence of atherosclerotic 

25 plaques in regions of the circulatory system where turbulent blood flow occurs, 
such as branch points and irregular structures. 

The first observable event in the formation of an atherosclerotic plaque 
occurs when inflammatory cells such as monocyte-derived macrophages 
adhere to the vascular endothelial layer and transmigrate through to the sub- 

30 endothelial space. Elevated plasma LDL levels lead to lipid engorgement of 
the vessel walls, with adjacent endothelial cells producing oxidized low 
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density lipoprotein (LDL). In addition, lipoprotein entrapment by the 
extracellular matrix leads to progressive oxidation of LDL by lipoxygenases, 
reactive oxygen species, peroxynitrite and/or myeloperoxidase as well as other 
oxidizing compounds. These oxidized forms of LDLs are then taken up in 
large amounts by vascular cells through scavenger receptors expressed on their 
surfaces. 

Lipid-filled monocytes and smooth-muscle derived cells are called 
foam cells, and are the major constituent of the fatty streak. Interactions 
between foam cells and the endothelial and smooth muscle cells surrounding 
them produce a state of chronic local inflammation which can eventually lead 
to activation of endothelial cells, increased macrophage apoptosis, smooth 
muscle cell proliferation and migration, and the formation of a fibrous plaque 
(Hajjar, DP and Haberland, ME, J.Biol Chem 1997 Sep 12; 272(37):22975- 
78). Such plaques occlude the blood vessels concerned and thus restrict the 
flow of blood, resulting in ischemia, a condition characterized by a lack of 
oxygen supply in tissues of organs due to inadequate perfusion. When the 
involved arteries block the blood flow to the heart, a person is afflicted with a 
'heart attack'; when the brain arteries occlude, the person experiences a stroke. 
When arteries to the limbs narrow, the result is severe pain, decreased physical 
mobility and possibly the need for amputation. 

Oxidized LDL has been implicated in the pathogenesis of 
atherosclerosis and atherothrombosis, by it's action on monocytes and smooth 
muscle cells, and by inducing endothelial cell apoptosis, impairing 
anticoagulant balance in the endothelium. Oxidized LDL also inhibits anti- 
atherogenic HDL-associated breakdown of oxidized phospholipids (Mertens, 
A and Holvoet, P, FASEB J 2001 Oct; I5(12):2073-84). This association is 
also supported by many studies demonstrating the presence of oxidized LDL in 
the plaques in various animal models of atherogenesis; the retardation of 
atherogenesis through inhibition of oxidation by pharmacological and/or 
genetic manipulations; and the promising results of some of the 
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interventionaltrials with anti-oxidant vitamins (see, for example, Witztum J 
and Steinberg, D, Trends Cardiovasc Med 2001 Apr-May; 1 1(3-4):93-102 for a 
review of current literature). Indeed, oxidized LDL and malondialdehyde 
(MDA)-modified LDL have been recently proposed as accurate blood markers 
5 for 1 st and 2 nd stages of coronary artery disease (US Pat. Nos. 6,309,888 to 
Holvoet et al and 6,255,070 to Witztum, et al). 

Reduction of LDL oxidation and activity has been the target of a 
number of suggested clinical applications for treatment and prevention of 
cardiovascular disease. Bucala, et al (US Pat. No. 5869534) discloses methods 

10 for the modulation of lipid peroxidation by reducing advanced glycosylation 
end product, lipid characteristic of age-, disease- and diabetes-related foam 
cell formation. Tang et al, at Incyte Pharmaceuticals, Inc. (US Pat. No. 
5,945,308) have disclosed the identification and proposed clinical application 
of a Human Oxidized LDL Receptor in the treatment of cardiovascular and 

15 autoimmune diseases and cancer. 

Another abundant atherogenesis-related plaque component is Beta 2- 
Glycoprotein I. Beta ^Glycoprotein I (Beta2GPI) is a 50-kDa molecule that 
acts as an anticoagulant in in-vitro assays. Although the exact role of 
Beta2GPI in atherogenesis has yet to be elucidated, several relevant properties 

20 have been observed: 1) it is able to bind negatively charged phospholipids or 
phospholipid-expressing cells (apoptotic cells, activated platelets); 2) it is able 
to bind to modified cellular surfaces, enhancing their clearance by scavenging 
macrophages (Chonn A, et al J Biol Chem 1995; 270: 25845-49; and 
Thiagarajan P, et al Arterioscler Thromb Vase Biol 1999; 1 9:2807-1 1); and 3) 

25 it is an important target for binding of autoimmune antiphospholipid antibodies 
(aPLs). Beta2GPI has to undergo structural alteration in order to be 
recognized by aPLs. This alteration may be initiated, for example, by binding 
to negatively charged phospholipids or high binding plates, but also in vivo by 
binding apoptotic cells that express phophatidylserine. 
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Recent studies investigating the importance of anti Beta2GPI antibodies 
in promoting a procoagulant state have focused on the effects of these 
antibodies on cellular and protein components of the coagulation system 
(endothelial cells, platelets and macrophages; tissue factor and coagulation 
5 factors). These studies indicate that anti Beta2GPI antibodies prevent the 
deactivation of platelets, sustaining their phagocytic clearance; interact with 
late endosomes of human endothelial- cells; and suppress the inhibitory activity 
of the tissue factor pathway inhibitor. This association with coagulation events 
is consistent with Beta2GPIs proposed function in the prothrombotic 

10 antiphospholipid syndrome (APLS). Both US Pat Nos 5998223 and 5344758 
(to Matsuura, et al and Krilis, et al, respectively) disclose the application of 
anti Beta2GPI antibodies, some to cryptic epitopes, for diagnostics in APLS 
and SLE. However, no therapeutic applications are disclosed by the authors. 
A third important plaque-related component associated with 

15 atherogenesis is the 60/65 kDa heat shock protein (HSP). This mitochondrial 
protein is a member of the HSP family, which constitutes nearly 24 proteins 
displaying high degree of sequence homologies between different species. 
These proteins, as their name implies, are expressed in response to stresses 
including exposure to free radicals, heat, mechanical shear stress, infections 

20 and cytokines, and protect against unfolding and denaturation of cellular 
proteins. This has led to their designation as molecular 'chaperones'. However, 
HSP function may have undesired consequences, since over expression of 
HSPs may, under certain conditions promote an autoimmune reaction with 
resultant tissue damage. The mechanisms responsible for the HSP immune 

25 mediated damage are as yet unclear: it is presumed that cryptic, "non-self 
neo-epitopes are exposed following their upregulation. Alternatively, it was 
suggested that cross-reaction exists between self-HSP and 'foreign' HSP 
epitopes introduced following infections which may trigger a pathological, 
autoimmune response against native HSP. Support for the involvement of HSP 

30 in autoimmunity is provided by studies documenting enhanced autoantibody as 
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well as cellular response to HSP 60/65 in several autoimmune diseases 
(Schoenfeld, Y et al Autoimmunity 2000 Sep; 15(2): 199-202; US Pat No. 
6130059 to Covacci, et al; and Gromadza G, et al Cerebrovascul Dis 2001, 
Oct; 12(3):235-39). 

5 The link between HSP 65 and atherosclerosis was initially recognized 

by George Wick's group, who found that normocholesterolemic rabbits 
immunized with different antigens developed atherosclerosis, provided the 
preparation used for immunization contained complete Freund's adjuvant 
(CFA)(Xu, Q, et al Arterioscler Thromb 1992;12:789-99). Since the major 

io constituent of CFA is heat killed mycobacterium tuberculosis, the principal 
component of which is the HSP-65, they reasoned that the immune response 
towards this component led to the development of atherosclerosis. This was 
confirmed when these authors demonstrated that immunization of animals with 
HSP 65 produced pronounced atherosclerosis, and that T cells from 

15 experimentally atherosclerotic rabbits overexpressed HSP-65, indicating a 
localized immune reaction restricted to the stressed arterial vessel. The 
importance of endogenous HSP-65 in atherogenesis was further demonstrated 
by the acceleration of fatty streak formation following HSP-65 (or 
Mycobacterium tuberculosis) immunization of naive mice (George J, et al 

20 Arterioscler Thromb Vase Biol 1999; 19:505-10;). 

Involvement of humoral immune mechanisms in response to HSP-65 
were observed in atherosclerosis: a marked correlation has been found 
between high levels of anti-HSP65 antibodies and the extent of 
sonographically estimated carotid narrowing in a screen of healthy individuals 

25 (Xu Q. et al Lancet 1993; 341: 255-9; Xu Q. et al Circulation 1999; 
100(1 1):1 169-74). In addition, in-vitro experiments with cultured endothelial 
cells have demonstrated the concentration and time dependent induction of 
endothelial cell adhesion to monocytes and granulocytes following incubation 
with HSP65. 
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The association of HSP 65 with atherogenesis has led to a number of 
proposed therapeutic applications. Observing that immune reactivity to HSP 
65 correlated with both microbial (e.g. H. pylori) infection and atherosclerosis, 
Bernie et al (Eur Heart J 1998; 19:366-7) proposed antibiotic therapy for 
5 reduction of infection and anti- HSP antibodies. Similarly, Covacci, et al (US 
Pat No. 6130059) disclosed the use of H. pylori HSPs, and related peptides, for 
diagnostic and therapeutic applications in atherosclerosis. 
Atherosclerosis and autoimmune disease 

Because of the presumed role of the excessive infiammatory- 

10 fibroproliferative response in atherosclerosis and ischemia, a growing number 
of researchers have attempted to define an autoimmune component of vascular 
injury. In autoimmune diseases the immune system recognizes and attacks 
normally non-antigenic body components (autoantigens), in addition to 
attacking invading foreign antigens. The autoimmune diseases are classified 

15 as auto- (or self-) antibody mediated or cell mediated diseases. Typical 
autoantibody mediated autoimmune diseases are myasthenia gravis and 
idiopathic thrombocytopenic purpura (ITP), while typical cell mediated 
diseases are Hashimoto's thyroiditis and type I (Juvenile) Diabetes. 

The recognition that immune mediated processes prevail within 

20 atherosclerotic lesions stems from the consistent observation of lymphocytes 
.and macrophages in the earliest stages, namely the fatty streaks. These 
lymphocytes, which include a predominant population of CD4+ cells (the 
remainder being CD8+ cells) were found to be more abundant than 
macrophages in early lesions, as compared with the more advanced lesions, in 

25 which this ratio tends to reverse. These findings posed questions as to whether 
they reflect a primary immune sensitization to a possible antigen or 
alternatively, result from previously induced local tissue damage. Regardless 
of the factors responsible for the recruitment of these inflammatory cells to the 
early plaque, they seem to exhibit an activated state manifested by concomitant 

30 expression of MHC class II HLA-DR and interleukin (TL) receptor as well as 
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leukocyte common antigen (CD45R0) and the very late antigen 1 (VLA-1) 
integrin. Thus, the inflammatory reaction of the early stages of the 
atherosclerotic lesion may be either the primary initiating event leading to the 
production of various cytokines by the local cells (i.e endothelial cells, 
macrophages, smooth muscle cells and inflammatory cells), or one form of the 
immune system's response to the hazardous process. Some of the cytokines 
which have been shown to be upregulated by the resident cells include TNF-a, 
IL-1, IL-2, IL-6, IL-8, IFN-y and monocyte chemoattractant peptide-1 (MCP- 
1). Platelet derived growth factor (PDGF) and insulin-like growth factor 
(HGF) which are expressed by all cellular constituents within atherosclerotic 
plaques have also been shown to be overexpressed, thus possibly intensifying 
the preexisting inflammatory reaction by a co-stimulatory support in the form 
of a mitogenic and chemotactic factor. Recently, Uyemura et al. ( J Clin Invest 
1996; 97: 2130-2138) have elucidated type 1 T-cell cytokine pattern in human 
atherosclerotic lesions exemplified by a strong expression of IFN-y but not IL- 
4 mRNA in comparison with normal arteries. Furthermore, IL-1 2 - a T-cell 
growth factor produced primarily by activated monocytes and a selective 
inducer of Thl cytokine pattern, was found to be overexpressed within lesions 
as manifested by the abundance of its major heterodimer form p70 and p40 (its 
dominant inducible protein) mRNA. 

Similar to the strong evidence for the dominance of the cellular immune 
system within the atherosclerotic plaque, there is also ample data supporting 
•the involvement of the local humoral immune system. Thus, deposition of 
immunoglobulins and complement components has been shown in the plaques 
in addition to the enhanced expression of the C3b and C3Bi receptors in 
resident macrophages. 

"Valuable clues with regard to the contribution of immune mediated 
inflammation to the progression of atherosclerosis come from animal models. 
Immunocompromised mice (class I MHC deficient) tend to develop 
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accelerated atherosclerosis as compared with immune competent mice. 
Additionally, treatment of C57BL/6 mice (Emeson EE and Shen ML Am J 
Pathol 1993; 142: 1906-1915) and New-Zealand White rabbits (Roselaar SE , 
et al J Clin Invest 1995; 96: 1389-1394) with cyclosporin A, a potent 
5 suppressor of IL-2 transcription resulted in a significantly enhanced 
atherosclerosis under "normal" lipoprotein "burden". These latter studies may 
provide insight into the possible roles of the immune system in counteracting 
the self-perpetuating inflammatory process within the atherosclerotic plaque. 

Atherosclerosis is not a classical autoimmune disease, although some of 

10 its manifestations such as the production of the plaque that obstructs the 
vasculature may be related to aberrant immune responsiveness. In classical 
autoimmune disease, one can often define very clearly the sensitizing 
autoantigen attacked by the immune system and the component(s) of the 
immune system which recognize the autoantigen (humoral, i.e. autoantibody or 

15 cellular, i.e. lymphocytes). Above all, one can show that by passive transfer of 
these components of the immune system the disease can be induced in healthy 
animals, or in the case of humans the disease may be transferred from a sick 
pregnant mother to her offspring. Many of the above are not prevailing in 
atherosclerosis. In addition, the disease definitely has common risk factors 

20 such .as hypertension, diabetes, lack of physical activity, smoking and others, .. 

(■ 

the disease affects elderly people and has- a different genetic preponderance 
than in classical autoimmune diseases. 

Treatment of inflammatory disease may be directed towards 
suppression or reversal of-general and/or disease-specific immune reactivity. 

25 Thus Aiello, for example (US Pat. Nos. 6,034,102 and 6,1 14,395) discloses the 
use of estrogen-like compounds for treatment and prevention of atherosclerosis 
and atherosclerotic lesion progression by inhibition of inflammatory cell 
recruitment. Similarly, Medford et al (US Pat. No. 5,846,959) disclose 
methods for the prevention of formation of oxidized PUFA, for treatment of 

30 cardiovascular and non-cardiovascular inflammatory diseases mediated by the 
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cellular adhesion molecule VCAM-1. Furthermore, Falb (US Pat. No. 
6,156,500) designates a number of cell signaling and adhesion molecules 
abundant in atherosclerotic plaque and disease as potential targets of anti- 
inflammatory therapies. 
5 Since oxidized LDL, Beta2GPI and HSP 65 have been clearly 

implicated in the pathogenesis of atherosclerosis (see above), the contribution 
of these prominent plaque components to autoimmunity in atheromatous 
disease processes has been investigated. 

Immune responsiveness to plaque associated molecules 

lo It is known that Ox LDL is chemotactic for T-cells and monocytes. 

Ox LDL and its byproducts are also known to induce the expression of factors 
such as monocyte chemotactic factor 1, secretion of colony stimulating factor 
and platelet activating properties, all of which are potent growth stimulants. 
.The active involvement of the cellular immune response in atherosclerosis has 

15 recently been substantiated (Stemme S, et al, Proc Natl Acad Sci USA 1995; 
92: 3893-97), who isolated CD4+ within plaques clones responding to Ox 
LDL as stimuli. The clones corresponding to Ox LDL (4 out of 27) produced 
principally interferon-y rather than IL-4. It remains to be seen whether the 
above T-cell clones represent mere contact with the cellular immune system 

20 with the inciting strong immunogen (Ox LDL) or that this reaction provides 
means of combating the apparently indolent atherosclerotic process. 

Trie data regarding the involvement of the humoral mechanisms and 

- • ■• their meaning are much more controversial. One recent study reported 
increased levels of antibodies against MDA-LDL, a metabolite of LDL 

25 oxidation, in women suffering from heart disease and/or diabetes (Dotevall, et 
al., Clin Sci 2001 Nov; 101(5): 523-31). Other investigators have 
demonstrated antibodies recognizing multiple epitopes on the oxidized LDL, 
representing immune reactivity to the lipid and apolipoprotein components 
(Steinerova A, et al., Physiol Res 2001;50(2): 131-41) in atherosclerosis and 

30 other diseases, such as diabetes, renovascular syndrome, uremia, rheumatic 
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fever and lupus erythematosus. Several reports have associated increased 
levels of antibodies to Ox LDL with the progression of atherosclerosis 
(expressed by the degree of carotid stenosis, severity of peripheral vascular 
disease etc.). Most recently, Sherer et al (Cardiology 2001;95(l):20-4) 
5 demonstrated elevated levels of antibodies to cardiolipin, P-2GPI and oxLDL, 
but not phosphatidylcholine or endothelial cells in coronary heart disease. 
Thus, there seems to be a consensus as to the presence of anti-plaque- 
component antibodies in the form of immune complexes within atherosclerotic 
plaque. 

10 Antibodies to Ox LDL have been implicated in both normal and 

pathological lipoprotein metabolism. Thus, it is known that immune complexes 
of Ox LDL and its corresponding antibodies are taken up more efficiently by 
macrophages in suspension as compared with Ox LDL. No conclusions can be 
drawn from this consistent finding on the pathogenesis of atherosclerosis since 

15 the question of whether the accelerated uptake of Ox LDL by the macrophages 
is beneficial or deleterious has not yet been resolved. 

Important data as to the significance of the humoral immune system in 
atherogenesis comes from animal models: hyperimmunization of LDL- 
receptor deficient rabbits with homologous oxidized LDL, resulted in the 

20 production of high levels of anti-Ox LDL antibodies and was associated with a 

significant reduction in the extent of atherosclerotic lesions. Likewise, a < 
decrease in plaque formation followed the immunization of rabbits with 
cholesterol rich liposomes and stimulation of production of anti-cholesterol \i 
antibodies; however, this effect was accompanied by a undesirable 35% 

25 reduction in very low density lipoprotein cholesterol levels. 

Regarding the immunogenicity of Beta2GPI, it has been shown that 
Beta2GPI serves as a target antigen for an immune-mediated attack, 
influencing the progression of atherosclerosis in humans and mice. George J et 
al. immunized LDL-receptor deficient mice with Beta2GPI, producing a 

30 pronounced humoral immune response to human Beta2GPI, and larger early 
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atherosclerotic lesions in comparison with controls (George J, et al Circulation 
1998; 15:1108-15). Afek A, et al obtained similar results in atherosclerosis- 
prone apolipoprotein-E-knockout mice immunized once with human Beta2GPI 
and fed a high fat diet for 5 weeks (Afek A et al. Pathpbiology 1999;67:19- 
5 25). 

Further, although immune reactivity to Beta2GPI in humans with the 
prothrombotic antiphospholipid syndrome has traditionally been attributed to 
the presence of autoantibodies to Beta2GPI, recent observations have indicated 
the importance of a cellular immune response to Beta2GPI. T-cells reactive 

10 with Beta2GPI have been demonstrated in the peripheral blood of patients with 
antiphospholipid syndrome. These T cells displayed a T-helper-1 phenotype 
(secreting the proinflammatory (and proatherogenic) cytokine interferon-) and 
were also capable of inducing tissue factor production (Visvanathan S, and 
McNiel HP. J Immunolog 1999; 162:6919-25). Taken together, the abundant 

15 data gathered to date regarding anti Beta2GPI (for review see Roubey RA, 
Curr Opinion Rheumatol 2000; 12:374-378), indicates that the immune 
response to this plaque related antigen may play a significant role in 
influencing the size and composition of atherosclerotic plaque. 

Finally, there exists a significant dependency in the antigenicity, and 

20 pathogenicity of oxidized phospholipids and Beta2GPI. As mentioned above, 
some of the autoimmune epitopes associated with minimally modified LDL 
- "•■ and Beta2GPI are cryptic. Kyobashi, et al (J Lipid Res 2001; 42:697-709), and 
Koike, et a) (Ann-Med 2000; 32:Suppl I 27-31) have identified a macrophage- 
activating oxLDL specific ligand. present only with Beta2GPI- OxLDL 

25 complex formation. This ligand was recognized by APLS-specific 
autoantibodies. Thus, both the pathogenic role of oxidized LDL and other 
plaque components, and their importance as autoantigens in atherosclerosis, as 
well as other diseases, have been extensively demonstrated in laboratory and 
clinical studies. 
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Mucosal Tolerance in Treatment of Autoimmune Disease 
Recently, new methods and pharmaceutical formulations have been 
found that are useful for treating autoimmune diseases (and related T-cell 
mediated inflammatory disorders such as allograft rejection and retroviral- 

5 associated neurological disease). These treatments induce tolerance, orally or 
nracosally, e.g. by inhalation, using as tolerizers autoantigens, bystander 
antigens, or disease-suppressive fragments or analogs of autoantigens or 
bystander antigens. Such treatments are described, for example, in US Pat. No. 
5,935,577 to Weiner et al. Autoantigens and bystander antigens are defined 

10 below (for a general review of mucosal tolerance see Nagler-Anderson, C, 
Crit Rev Immunol 2000;20(2): 103-20). Intravenous administration of 
autoantigens (and fragments thereof containing immunodominant epitopic 
regions of their molecules) has been found to induce immune suppression 
through a mechanism called clonal anergy. Clonal anergy causes deactivation 

is of only immune attack T-cells specific to a particular antigen, the result being 
a significant reduction in the immune response to this antigen. Thus, the 
autoimmune response-promoting T-cells specific to an autoantigen, once 
anergized, no longer proliferate in response to that antigen. This reduction in 
proliferation also reduces the immune reactions responsible for autoimmune 

20 disease symptoms (such as neural tissue damage that is observed in multiple 
sclerosis; MS). There is also evidence that oral administration of autoantigens 
(or immunodominant fragments) in a single dose and in -substantially larger 
amounts than those that trigger "active suppression" may. also induce tolerance 
through anergy (or clonal deletion). 

25 A method of treatment has also been disclosed that proceeds by active 

suppression. Active suppression functions via a different mechanism from that 
of clonal anergy. This method, discussed extensively in PCT Application 
PCT/US93/01705, involves oral or mucosal administration of antigens specific 
to the tissue under autoimmune attack. These are called "bystander antigens". 

30 This treatment causes regulatory (suppressor) T-cells to be induced in the gut- 
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associated lymphoid tissue (GALT), or bronchial associated lymphoid tissue 
(BALT), or most generally, mucosa associated lymphoid tissue (MALT) 
(MALT includes GALT and BALT). These regulatory cells are released in the 
blood or lymphatic tissue and then migrate to the organ or tissue afflicted by 
5 the autoimmune disease and suppress autoimmune attack of the afflicted organ 
or tissue. The T-cells elicited by the bystander antigen (which recognize at 
least one antigenic determinant of the bystander antigen used to elicit them) 
are targeted to the locus of autoimmune attack where they mediate the local 
release of certain immunomodulatory factors and cytokines, such as 

10 transforming growth factor beta (TGF beta), interleukin-4 (IL-4), and/or 
interleukin-10 (IL-10). Of these, TGF-beta is an antigen-nonspecific 
immunosuppressive factor in that it suppresses immune attack regardless of the 
antigen that triggers the attack. (However, because oral or mucosal tolerization 
with a bystander antigen only causes the release of TGF-beta in the vicinity of 

15 autoimmune attack, no systemic immunosuppression ensues.) IL-4 and EL- 10 
are also antigen-nonspecific immunoregulatory cytokines. IL-4 in particular 
enhances (T helper 2) Th 2 response, i.e., acts on T-cell precursors and causes 
them to differentiate preferentially into Th 2 cells at the expense of Thi 
responses. IL-4 also indirectly inhibits Th] exacerbation. IL-10 is a direct 

20 inhibitor of Thi responses. After orally tolerizing mammals afflicted with 
autoimmune disease conditions with bystander antigens, increased levels of 
TGF-beta, IL-4 and IL-10 are observed at the locus of autoimmune attack 
(Chen, Y. et al., Science, 265:1237-1240, 1994). The 'bystander suppression 
mechanism has been confirmed by von Herreth «t al., (J. Clin. Invest., 

25 96:1324-1331, September 1996). 

More recently, oral tolerance has been effectively applied in treatment 
of animal models of inflammatory bowel disease by feeding probiotic bacteria 
(Dunne, C, et al., Antonie Van Leeuwenhoek 1999 Jul-Nov;76(l-4):279-92), 
autoimmune glomerulonephritis by feeding glomerular basement membrane 

30 (Reynolds, J. et al., J Am Soc Nephrol 2001 Jan;12(l): 61-70) experimental 
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allergic encephalomyelitis (EAE, which is the equivalent of multiple sclerosis 
or MS), by feeding myelin basic protein (MBP), adjuvant arthritis and collagen 
arthritis, by feeding a subject with collagen and HSP-65, respectively. A 
Boston based company called Autoimmune has carried out several human 
5 experiments for preventing diabetes, multiple sclerosis, rheumatoid arthritis 
and uveitis. The results of the clinical trials have been less impressive than the 
animal experiments, however there has been some success with the prevention 
of arthritis. 

Oral tolerance to autoantigens found in atherosclerotic plaque lesions 

10 has also been investigated. Study of the epitopes recognized by T-cells and Ig 
titers in clinical and experimental models of atherosclerosis indicated three 
candidate antigens for suppression of inflammation in atheromatous lesions: 
oxidized LDL, the stress-related heat shock protein HSP 65 and the cardiolipin 
.binding protein beta 2GP1 . US Patent Application 09/806,400 to Shoenfeld et 

15 al (filed Sept 30, 1999), which is incorporated herein in its entirety, discloses 
the reduction by approximately 30% of atherogenesis in the arteries of 
genetically susceptible LDL receptor deficient mice (LDL-RD) fed oxidized 
human LDL. Although significant inhibition of atherogenesis was achieved, 
presumably via oral tolerance, no identification of specific lipid antigens or 

20 immunogenic LDL components was made. Another obstacle encountered was 
the inherent instability of the orally fed antigen in vivo, due to digestive 
breakdown, and uptake of oxidized LDL by the liver and cellular immune 
mechanisms. It is plausible that a mucosal route of administration other than 
feeding (oral) would have provided tolerance of greater efficiency. 

25 The induction of immune tolerance and subsequent prevention or 

inhibition of autoimmune inflammatory processes has been demonstrated 
using exposure to suppressive antigens via mucosal sites other than the gut. 
The membranous tissue around the eyes, the middle ear, the respiratory and 
other mucosa, and especially the mucosa of the nasal cavity, like the gut, are 

30 exposed to many invading as well as self- antigens and possess mechanisms 
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for immune reactivity. Thus, Rossi, et al (Scand J Immunol 1999 
Aug;50(2): 177-82) found that nasal administration of gliadin was as effective 
as intravenous administration in downregulating the immune response to the 
antigen in a mouse model of celiac disease. Similarly, nasal exposure to 
acetylcholine receptor antigen was more effective than oral exposure in 
delaying and reducing muscle weakness and specific lymphocyte proliferation 
in a mouse model of myasthenia gravis (Shi, FD. et al, J Immunol 1999 May 
15; 162 (10): 5757-63). Therefore, immunogenic compounds intended for 
mucosal as well as intravenous or intraperitoneal administration should be 
adaptable to nasal and other membranous routes of administration. 

Thus, there is clearly a need for novel methods of employing, and 
compositions of plaque associated molecules capable of superior tolerizing 
immunogenicity in mucosal, especially nasal, administration. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is provided a 
pharmaceutical composition for prevention and/or treatment of atherosclerosis, 
cardiovascular disease, cerebrovascular disease, peripheral vascular disease, 
stenosis, restenosis and/or in-stent-stenosis in a subject in need thereof, 
comprising, as an active ingredient, a therapeutically effective amount of at 
least an antigenic portion, of at least one plaque associated molecule, or 
pharmaceutical salts thereof, the composition further comprising a 
pharmaceutically acceptable earner, the pharmaceutical composition being 
designed for mucosal administration. 

According to an additional aspect of the present invention there is 
provided an assay for determining the effect of mucosal administration of 
plaque components on atherosclerosis-related disease or condition, the assay 
effected by mucosally ao!ministering to a subject having an atherosclerosis- 
related disease or condition at least an antigenic portion of at least one plaque 
associated molecule and assessing at least one indicator of atherogenesis in the 
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subject to thereby determine the effect of mucosal administration of the at least 
an antigenic portion of the at least one plaque associated molecule on the 
atherosclerosis-related disease or condition. 

According to yet another aspect of the present invention there is 
provided a method of prevention and/or treatment of atherosclerosis, 
cardiovascular disease, cerebrovascular disease, peripheral vascular disease, 
stenosis, restenosis and/or in-stent-stenosis in a subject in need thereof, the 
method comprising mucosally administering a therapeutically effective amount 
of at least an antigenic portion of at least one plaque associated molecule to the 
subject. 

According to further features in preferred embodiments of the invention 
described below, the plaque associated molecule is selected from the group 
consisting of oxidized LDL, Beta2GPI, HSP and derivatives thereof. 

According to still further features in preferred embodiments of the 
invention described below, the antigenic portion of at least one plaque 
associated molecule is a naturally occurring molecule or a synthetic molecule. 

According to further features in preferred embodiments of the invention 
described below, the pharmaceutical composition is designed for nasal, 
respiratory, otic and/or conjuctival administration. 

According to yet further features in preferred embodiments of the 
.invention described below the at least an antigenic portion of the at least one- 
plaque associated molecule is selected so as to reduce immune reactivity to 
plaque components in said subject. 

According to further features in preferred embodiments of the invention 
described below, the pharmaceutical composition is packaged and identified 
for use in the prevention and/or treatment of at least one disorder selected from 
the group consisting of atherosclerosis, cardiovascular disease, cerebrovascular 
disease, peripheral vascular disease, stenosis, restenosis and/or in-stent- 
stenosis. 
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According to further features in preferred embodiments of the invention 
described below the pharmaceutical composition further comprises a 
therapeutically effective amount of at least one additional compound selected 
from the group consisting of HMGCoA reductase inhibitors (statins), mucosal 
adjuvants, corticosteroids, anti-inflammatory compounds, analgesics, growth 
factors, toxins, and additional tolerizing antigens. 

The present invention successfully addresses the shortcomings of the 
presently known configurations by providing a novel method of inducing 
superior immune tolerance by mucosal administration of plaque associated 
molecules, thereby inhibiting atheroslerosis and other plaque related diseases. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawings. With specific reference now to the 
drawings in detail, it is stressed that the particulars shown are by way of 

10 example and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented in the cause of 
providing what is believed to be the most useful and readily understood 
description of the principles and conceptual aspects of the invention. In this 
regard, no attempt is made to show structural details of the invention in more 

1$ detail than is : necessary for. a fundamental understanding of the invention, the 
description taken with the drawings making apparent to those skilled in the art 
how the several forms of the invention may be embodied in practice. 
In the drawings: 

FIG. 1 illustrates inhibition of early atherogenesis in apo-E deficient 
20 mice by nasal tolerance induced by administration of low doses of plaque 
associated molecules. 9-13 week old apo-E deficient mice were exposed 
intranasally, with mild sedation, to 3 doses of 10 ug/mouse each HSP 65 
(HSP-65)(n=12), human oxidized LDL (H-oxLDL)(n=14), human Beta2GPI 
(B2gpi)(n=13), bovine serum albumin (BSA) or sham exposure to saline 
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(PBS)(n=12). All mice received the atherogenic "Western" diet following last 
exposure. Atherogenesis is expressed as the area of atheromatous lesions in 
the aortic sinus 5 weeks following the 3 rd exposure. 

FIG. 2 illustrates superior inhibition of early atherogenesis in apo-E 

5 deficient mice by mucosal tolerance induced by intranasal exposure to 
exceedingly low doses of HSP 65. Nasal tolerance was induced in 12-16 week 
old apo-E deficient mice by intranasal administration of 3 doses of ljig/mouse 
HSP65 (HSP-65 low)(n=16) or lOug/mouse HSP65 (HSP-65 high)(n=14) 
every other day for 5 days. Control mice were exposed intranasally to an 

10 identical volume (lOul) of bovine serum albumin, lOug/mouse (BSA)(n=14), 
or sham exposure to PBS (PBS)(n=14). All mice received the atherogenic 
"Western" diet following last exposure. Atherogenesis is expressed as the area 
of atheromatous lesions in the aortic sinus 5 weeks after the last nasal 
■exposure. 

15 FIG. 3 illustrates superior suppression of immune reactivity to 

atheroslerotic plaque antigens induced by nasal exposure to human Beta2GPI. 
5 week old male apo-E deficient mice were exposed intranasally to 
lOug/mouse human Beta2GPI (H-b2-nt)(n=3); or alternately fed, by gavage, 
with lOOug/mouse human Beta2GPI (H-b2-ot)(n=3) in 0.2 ml PBS; or fed 

20 PBS alone (PBS)(n=3) every other day for 5 days. One week following the 
last feeding the mice were sensitized with a -single subcutaneous injection of 
lOug/mouse human Beta2GPI in 0.1 ml volume. Ten days later T-cells from 
inguinal lymph node were prepared as described in Materials and Methods 
section that follows, and exposed to the sensitizing human Beta2GPI antigen 

25 for in-vitro assessment of proliferation. Proliferation, indicating immune 
reactivity, is expressed as the ratio between incorporation of labeled thymidine 
into the T-cell's DNA in the presence and absence of human Beta2GPI antigen 
(stimulation index, S.I.). 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of methods and compositions employing 
plaque associated molecules effective in inducing mucosal tolerance to 
atheroma related antigens, thus inhibiting inflammatory processes contributing 
5 to atheromatous vascular disease and sequalae. 

The principles and operation of the present invention may be better 
understood with reference to the drawings and accompanying descriptions. 

Before explaining at least one embodiment of the invention in detail, it 
is to be understood that the invention is not limited in its application to the 

10 details set forth in the following description or exemplified by the Examples. 
The invention is capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the phraseology and 
terminology employed herein is for the purpose of description and should not 
be regarded as limiting. 

15 Experimental and clinical evidence indicates a causative role for plaque 

associated antigens in the etiology of the excessive inflammatory response in 
atherosclerosis. Both cellular and humoral immune reactivity to the plaque 
associated molecules oxidized LDL, Beta2GPI and HSP 65 have been 
demonstrated, suggesting an important anti-oxidized LDL auto-immune 

20 component in atherogenesis. Thus, oxidized LDL, Beta2GPI and HSP 65, and 
components thereof, have been the targets of numerous therapies for 
prevention arid treatment of heart disease, cerebral-vascular disease and 
peripheral vascular disease. 

Prior art teaches the application of plaque associated antigens for 

25 detection and diagnosis of atherosclerosis and other plaque- and thrombosis 
related conditions. For example, Holvoet (US Pat No. 6,309,888) teaches the 
use of stage specific plaque associated antigens oxLDL and MDA-LDL for 
screening for Coronary Artery disease. Similarly, others (US Pat Nos. 
5,998,223 and 5,344,758 to Matsuura, et al and Krilis, et al, respectively) have 

30 disclosed the use of anti beta-2GPI antibodies to screen for serum indicators of 
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APLS, SLE and atherosclerosis. The abovementioned disclosures propose 
diagnostic applications alone, and fail to recognize the therapeutic potential of 
these plaque associated molecules. 

Although the role of immune response in the etiology and progression 

5 of atherosclerosis and other plaque related diseases remains controversial (see 
Meir, K, et al, International Atherosclerosis Soc. 2001 Commentary), many 
immune-based therapies have been proposed for atherosclerosis. General 
methods of reducing immune response in inflammatory and hyperreactive 
conditions are taught in, for example US Patent Nos 6,277,969; 5,698,195 and 

10 5,656,272 to Le at al, and 6,224,902 to Alving, et al, International Patent 
Application Nos. 001 001 2514 to Shurkovitz et al and 20010051156 Al to 
Zeng. However, the proposed reduction or removal of mediators of immune 
reactivity, such as cytokines, tumor necrosis factor (TNF) and other pathogenic 
factors requires ongoing costly and potentially dangerous methods such as 

15 immunoadsorption of blood and prolonged anti-cytokine administration. 
Furthermore, no application to treatment of atherosclerosis or plaque-related 
disease is disclosed. 

Specific immunotherapy with plaque associated antigens has also been 
proposed. Bumol, et al, Calenoff, et al and Takano, et al (US Pat Nos. 

20 " 5,196,324; 6,025,477 and 5,110,738, respectively) disclose the use of crude, 
poorly defined fractionated plaque preparations for immunization, monoclonal 
Ab preparation, diagnosis and treatment of atherosclerosis. These antigens, 
•protein and lipid fractions of atheromatous tissue, are poorly defined, 
unpractical for therapeutic use, and potentially hazardous in prolonged 

25 treatment. 

Prior art teaches immunotherapy directed against oxidized LDL for 
treatment and prevention of atherosclerosis. US Pat No. 6,225,070 to 
Witztum, et al discloses the use of mAb to oxidized LDL for inhibition of 
oxidized LDL binding to macrophages and foam cell formation. Similarly, 
30 McGregor, et al (International Patent Application EP1 162458 Al) disclose 
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methods for specific modulation of oxidized LDL uptake and transport by 
macrophages. US Pat Nos 5,733,524 and 5,733,933 to Bucala, et al disclose 
the reduction of specific anti-oxidized LDL immune response by reduction of 
Advanced Glycosylation End product lipids (AGE-lipids). None of the 

5 proposed therapies teach active immunization against oxidized LDL, and 
require prolonged therapy regimens. 

Zhou, et al (Arterioscler Thromb Vase Biol, 2001;21:108) achieved a 
significant reduction in early plaque formation in mice following footpad 
immunization with homogenized plaque or homologous MDA LDL. Palinski 

10 et al (PNAS USA 1995;92:821-25) produced similar levels of protection in 
rabbits immunized with oxidized LDL. However, application of conventional 
immunization techniques to oxidized LDL is problematic, since the adjuvant 
preparations required for immunization and boosters have produced 
accelerated plaque formation in similar regimen of immunization. 

15 Furthermore, relatively high doses (100 ugram/ mouse/ injection) of plaque 
antigen were required for immunity. Mucosal administration and induction of 
tolerance were not mentioned. 

Immune therapy with other plaque antigens has also been proposed. 
Recent , animal and in-vitro studies with Beta2GPI (see George J, et al Rheum 

20 Dis Clin North Am 2001;27:603-10; Brey, et al 'Stroke 2001;32:1701-06; 
Kyobashi, et' al J Lipid Res 2001;42:697-709; Koike T, et al Ann Med 
2000;32,Suppl. 1:27*31 and Gabral AR et al Am J Med 1996;101:472-81) have 
demonstrated the .association of Beta2GPI with stroke, APLS, atherosclerosis 
and myocardial infarction. Although cryptic epitopes of the protein were 

25 clearly implicated in humoral and cellular immune response to oxidized LDL, 
none of the abovementioned studies demonstrated protective immunity with 
the protein. Similarly, studies with HSP 65 (Birnie DH Eur Heart J 
1998;19:366-67; Xu Q, et al Circulation 1999;100:1169-74; and Gromadzka 
G, et al Cerebrovasc Dis 2001;12:235-39) have implicated this plaque 
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associated antigen in stroke and heart disease, suggesting that humoral 
immunity may be a triggering factor. 

The complexity of plaque antigen immunity in atherosclerosis was 
demonstrated by Schoenfeld Y, et al (Autoimmunity 2000;15:199-202) who 

5 immunized LDL-receptor deficient (KO) mice with both HSP 65 and 
Beta2GPI protein antigens, producing strong cellular and humoral responses, 
and enhanced plaque formation. Similar increased atherogenesis was observed 
with passive transfer of plaque antigen activated lymphocytes. None of the 
above mentioned studies demonstrated inhibition of atherogenic processes by 

10 immune tolerance. 

Suppression of immune response to autoantigens in atherosclerosis and 
related disease has been recently investigated. Victoria et al (US Pat. No. 
6,207,160 and 5,844,409) discloses specific non-immunogenic Beta2GPI 
peptides lacking T cell epitopes for reducing antibody binding of immune cells 

15 and inducing B-cell tolerance in APLS, SLE and other diseases. However, no 
actual protection was demonstrated, and the disclosures emphasize the 
diagnostic use of the non immunogenic peptides. George J, et al 
(Atherosclerosis 1998;138:147-52) demonstrated the feasibility of immune 
suppression by hyperimmunization with MDA LDL and reduction of 

20 atherogenesis in mice. However, impractically large doses of antigen were 
required, and th& paradoxical response, to immunization with plaque antigens 
obviates the clinical efficacy of such therapy. Furthermore, none of the 
abovementioried studies disclose induction of mucosal tolerance , for treatment 
of atherosclerosis. ';_ 

25 Oral and mucosal tolerance for suppression and prevention of 

inflammatory conditions is well known in the art. Examples of candidate 
conditions, antigens and modes of therapy, can be found, for example in US 
Pat Nos. 5,935,577; 5,397,771; 4,690,683 to Weiner et al, and International 
Pat Nos. EP 0886471 Al and WO 01821951 to Haas, et al. US Pat 

30 Application No 09/806,400 to Shoenfeld et al filed Sept 30, 1999, which is 
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incorporated herein in its entirety, teaches the oral administration of plaque 
associated antigens for the induction of tolerance in LDL receptor deficient 
mice. Measuring arterial fatty streak lesion density, the inventors 
demonstrated that oral administration of oxidized LDL, Beta2GPI and HSP 65 

5 derived from animal sources were each able to produce approximately 30% 
reduction in atherogenesis. Typically, however, oral administration of 
antigens presents numerous obstacles to achieving tolerance and accurate 
dosing: the antigens are acted upon by digestion, altering both concentrations 
and molecular structure prior to their presentation to the lymphatic tissue of the 

10 Peyer's patches. Furthermore, the authors failed to investigate the efficacy of 
other routes of administration for induction of tolerance, such as mucosal and 
nasal tolerance. As the above mentioned disclosures clearly demonstrate, 
the parameters for induction of oral and mucosal tolerance cannot be deduced 
from antigenic activity in conventional immunization, or even in-vitro results, 

15 and must result from extensive empirical experimentation. Indeed, many 
studies have demonstrated the complexities inherent in manipulating the 
"balance between reacting and nonreacting" in the immune system. Zivny, et 
al (Clin Immunol 2001;101:150-68) clearly state that "In general, the response 
to one (tolerance inducing) antigen could not necessarily predict the response 

20 to another". Likewise, Hannihen et al (Diabetes 2001;50:771-75) observed 
that oral, nasal and respiratory administration of antigens caused appearance of 
disease symptoms (diabetes), rather than inducing tolerance. Similar 
inconsistencies in mucosal tolerance have been reported by Fujihashi et al 
(Acta Odontol Scand 2001;59:301-08), Jiang HR' et al (Br J Ophthalmol 

25 2001;85:739-44). Problems in mucosal vaccination strategies have been 
recently reviewed (Ogra PL, et al, Clin Microbiol Rev 2001;14:430-45; Chen 
H et al, J Control Release 2000;67:117-28; and Lehner T et al, J Infect Dis 
1999; 179 Suppl 3:S489-92). 

While reducing the present invention to practice, the present inventors 

30 have uncovered that nasal administration of plaque associated molecules 
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results in the induction of mucosal tolerance, suppression of anti-plaque 
related antigen immune reactivity and protection from atherosclerosis. 
Mucosal tolerance is advantageous for its greater ease of application, accuracy 
of dosage and greatly reduced incidence of alteration of the tolerizing 
5 molecule by digestive and metabolic processes (especially in non-oral routes of 
administration). These advantages provide superior protection from 
atherogenic processes, improved patient compliance and reduced cost of 
therapy. 

Thus, according to one aspect of the present invention there is provided 

10 a method of inducing immune tolerance to plaque associated molecules in a 
subject such as a human being. 

The method, according to this aspect of the present invention is effected 
by administering to a subject (e.g., a human) a therapeutically effective amount 
of an antigenic portion of at least one plaque associated molecule. 

15 As used herein, the phrase "mucosal administration" is defined as 

application of any and all compounds and/or compositions to mucosal 
membranes having component or components of the mucosal associated 
lymphatic tissue. Non-limiting examples of mucosal administration are 
buccal, intranasal, otic (middle ear), conjunctival, vaginal, rectal, etc. Mucosal 

20 administration excludes, for example, intravenous, subcutaneous and epidural 

.. ' administration. 

As used herein, the phrase "plaque associated molecules" is defined as 
any and all protein, carbohydrate, lipid and nucleic acid molecules, portions 
thereof (antigenic portions), their derivatives, or combinations thereof 

25 physically or functionally related to the etiology, pathogenesis, 
symptomatology and/or treatment of a plaque related condition or disease. 
Such molecules may be, for example, plaque components such as oxidized 
LDL, foam cell components, etc, but may also include humoral and cellular 
entities, such as antibodies, cytokines, growth factors and T cell receptors. 
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As used herein, the phrase "antigenic portion" refers to a portion of a 
molecule capable of eliciting an immune response. For example, in cases 
where the molecule is a protein (e.g., HSP 65, Beta2GPI) such a portion can 
include a stretch of 6-8 amino acids that constitute an antigenic epitope. 
5 Methods for predicting antigenic portions are well known in the art, for 
example, DNASTAR'S PROTEAN sequence analysis and prediction module 
(DNAStar, Madison, WI). As such determining antigenic portions of plaque 
associated molecules suitable for use with the present invention is well within 
the capabilities of an ordinarily skilled artisan. 

10 Plaque associated molecules (as well as fragments, analogs, portions 

and derivatives thereof) can be purified from natural sources (the tissue or 
organ where they normally occur) and can also be obtained using recombinant 
DNA technology, in bacterial, yeast, insect (e.g. baculovirus) and mammalian 
cells using techniques well-known to those of ordinary skill in the art. Amino 

15 acid sequences for many potential and actual plaque associated molecules are 
known, for example: human Beta2GPI (Accession No AAB21330 to 
Matsuura, et al), HSP 6 5 (Accession No. AF65546 to Oiiviera, et al) and 
human macrophage LDL scavenger receptor (Accession No. XP_008489 to 
NCBI Annotation Project). 

20 Immune tolerance established using the present methodology can be 

.used jn the prevention and/or treatment of disorders associated with plaque 

■ * formation, including but not limited to atherosclerosis, atherosclerotic 
cardiovascular disease, cerebrovascular disease, peripheral vascular disease, 
stenosis, restenosis and in-stent-stenosis. Some non-limiting examples of 

25 atherosclerotic cardiovascular disease are myocardial infarction, coronary 
arterial disease, acute coronary syndromes, congestive heart failure, angina 
pectoris and myocardial ischemia. Some non-limiting examples of peripheral 
vascular disease are gangrene, diabetic vasculopathy, ischemic bowel disease, 
thrombosis, diabetic retinopathy and diabetic nephropathy. Non-limiting 

30 examples of cerebrovascular disease are stroke, cerebrovascular inflammation, 



WO 02/053092 PCT/IL02/00005 
26 

cerebral hemorrhage and vertebral arterial insufficiency. Stenosis is occlusive 
disease of the vasculature, commonly caused by atheromatous plaque and 
enhanced platelet activity, most critically affecting the coronary vasculature. 
Restenosis is the progressive re-occlusion often following reduction of 
s occlusions in stenotic vasculature. In cases where patency of the vasculature 
requires the mechanical support of a stent, in-stent-stenosis may occur, re- 
, occluding the treated vessel. 

Several plaque associated molecules are suitable for use with the 
present method. Examples include, but are not limited to, modified lipids, 
10 phospholipids and lipoproteins, apolipoprotein-lipid complexes such as LDL- 
cardiolipin, specific epitopes of proteinaceous molecules such as HSP and 
Beta2GPI, foam cell surface antigens such as LDL receptor and smooth 
muscle components such as troponin. 

According to a preferred embodiment of the present invention the 
15 plaque associated molecule(s) utilized by the method of the present invention 
is oxidized LDL, Beta2GPI, HSP 65 and/or derivatives thereof. 

According to another preferred embodiment of the present invention, a 
combination of at least two of the abovementioned molecules is administered 
to the subject. 

20 The method of the invention may .be used for prevention and/or 

treatment of non-atherosclerosis related diseases. For example, phospholipids, 
phospholipid metabolites and HSP 65 have been clearly implicated in the 
pathogenesis, and therefore potential treatment of additional, non- 
atherosclerosis-related diseases. Such diseases and.^ syndromes include 

25 oxidative stress of aging (Onorato JM, et al, Annal N Y Acad Sci 1998 Nov 
20;854:277-90), rheumatoid arthritis (RA)(Paimela L, et al. Ann Rheum Dis 
1996 Aug;55(8):558-9), juvenile rheumatoid arthritis (Savolainen A, et al, 
1995;24(4):209-11), inflammatory bowel disease (IBD)(Sawai T, etal, Pediatr 
Surg Int 2001 May;17(4):269-74), renal cancer (Noguchi S, et al, Biochem 

30 Biophys Res Commun 1992 Jan 31;182(2):544-50), venous and arterial 
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thromboses (Cabral AR, et al Am J Med 1996;101:472-81), Anti Phospholipid 
Syndrome (APLS or APS) (Koike T, et al Ann Med 2000;32 Suppl 1:27-31), 
Systemic Lupus Erythematosus (US Pat Nos. 5,344,758 and 6,207,160, to 
Krilis, et al and Victoria, et al, respectively). Thus, the method of the 
5 invention may be used for prevention and/or treatment of non-atherosclerosis 
related diseases such as aging, RA, juvenile RA, IBD, SLE, APLS, thrombosis 
and cancer. 

The immune tolerance inducing molecules or molecule combinations 
described hereinabove can be administered per se, or in a pharmaceutical 
10 composition where they are mixed with suitable carriers or excipients. 

As used herein a "pharmaceutical composition" refers to a preparation 
of one or more of the active ingredients described herein with other chemical 
components such as physiologically suitable carriers and excipients. The 
purpose of the pharmaceutical composition of the present invention is to 
15 facilitate mucosal administration of the immune tolerance inducing molecules 
to an organism. 

Herein the term "active ingredient" refers to the at least an antigenic 
portion of the plaque associated molecules (e.g. oxidized LDL, HSP 65, and 
beta2GP-I)or combinations thereof which are accountable for the biological 
20 effect (immune tolerance). . 

Hereinafter, 'the phrases "physiologically acceptable carrier" and 
"pharmaceutically acceptable carrier" which may be interchangeably used refer 
• to a carrier or a diluent that does not cause significant irritation to an organism 
and does not abrogate the biological activity and properties of the administered 
25 compound. An adjuvant is included under these phrases. 

Herein the term "excipient" refers to an inert substance added to a 
pharmaceutical composition to further facilitate administration of an active 
ingredient. Examples, without limitation, of excipients include calcium 
carbonate, calcium phosphate, various sugars and types of starch, cellulose 
30 derivatives, gelatin, vegetable oils and polyethylene glycols. 
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Techniques for formulation and administration of drugs may be found 
in "Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, PA, 
latest edition, which is incorporated herein by reference. 

Suitable routes of mucosal administration may, for example, include 
5 rectal, buccal, vaginal and especially transnasal, otic, conjunctival and 
respiratory (including intratracheal) application. 

Pharmaceutical compositions of the present invention may be 
manufactured by processes well known in the art, e.g., by means of 
conventional mixing, dissolving, granulating, dragee-making, levigating, 
10 emulsifying, encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present 
invention thus may be formulated in conventional manner using one or more 
physiologically acceptable carriers comprising excipients and auxiliaries, 
which facilitate processing of the active ingredients into preparations which, 
15 can be used pharmaceutically. Proper formulation is dependent upon the 
mucosal route of administration chosen. 

The active ingredients of the pharmaceutical composition may be 
formulated in aqueous solutions, preferably in physiologically compatible 
buffers, such as Hank's solution, Ringer's solution, or physiological salt buffer. 
20 Penetrants appropriate to the barrier to be permeated may . used in the 
• formulation. Such penetrants are generally known in the art. . 

For administration by nasal inhalation, the active ingredients for use 
according to the present invention are conveniently delivered «i the form of an 
aerosol spray presentation from a pressurized pack or a nebulizer with the use 
25 of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, 
dichloro-tetrafluoroethane or carbon dioxide. In the case of a pressurized 
aerosol, the dosage unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of, e.g., gelatin for use in a 
dispenser may be formulated containing a powder mix of the compound and a 
30 suitable powder base such as lactose or starch. 
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The pharmaceutical composition of the present invention may be 
administered to the membranes of the eye, such as the conjuctiva. As such, the 
composition may be formulated in a liquid or semi-liquid composition, as 
described above, for application using for example, a drop applicator. Sterility 

5 may be ensured by sterilization methods known to one skilled in the art. 

The pharmaceutical composition of the present invention may be 
formulated in rectal and vaginal compositions such as suppositories or 
retention enemas, using, e.g., conventional suppository bases such as cocoa 
butter or other glycerides. 

10 The pharmaceutical composition of the present invention may be 

administered by inhalation. Examples of formulations for tolerizing agents 
that are administered by inhalation are provided in PCT/TJS90/07455, filed 
Dec. 17, 1990. The pharmaceutical formulations for administration by 
inhalation of the present invention may include, as optional ingredients, 

15 pharmaceutical^ acceptable carriers, diluents, solubilizlng and emulsifying 
agents, and salts of the type that are well-known in the art. Examples of such 
substances include normal saline solutions, such as physiologically buffered 
saline solutions, and water. 

The route of administration of tolerizing antigens according to this 

20 alternate embodiment of the present invention is in an aerosol or inhaled form. 
The antigens can be administered ,.$s dry powder particles or as an atomized"/ 
aqueous solution suspended in a carrier gas (e.g. air or N 2 ). Preferred aerosol 

" 'pharmaceutical " formulations may comprise for example, a physiologically- 
acceptable buffered saline solution containing between about 1 mg and about 

25 300 mg of the antigens. 

Dry aerosol in the form of finely divided solid particles of tolerizing 
antigens that are not dissolved or suspended in a liquid are also useful in the 
practice of the present invention. The tolerizing antigens may be in the form of 
dusting powders and comprise finely divided particles having an average 

30 particle size of between about 1 and 5 microns, preferably between 2 and 3 
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microns. Finely divided particles may be prepared by pulverization and screen 
filtration using techniques well known in the art. The particles may be 
administered by inhaling a predetermined quantity of the finely divided 
material, which can be in the form of a powder. 
5 Specific non-limiting examples of the carriers and/or diluents that are 

useful in the by-inhalation pharmaceutical formulations include water and 
physiologically-acceptable buffered saline solutions such as phosphate 
buffered saline solutions pH 7.0-8.0. Additional non-limiting examples of 
suitable carriers or diluents for use in by-inhalation pharmaceutical 

io formulations or dosage forms of the present invention are disclosed in U.S. 
Pat. No. 5,935,577 to Weiner, et al. 

The pharmaceutical formulations of the present invention may be 
administered in the form of an aerosol spray using for example, a nebulizer 
such as those described by Weiner, et al (US Pat No. 5,935,577). The aerosol 

1 5 material is inhaled by the subject to be treated. 

Other systems of aerosol delivery, such as the pressurized metered dose 
inhaler (MDI) and the dry powder inhaler as disclosed in Newman, S. P. in 
Aerosols and the Lung, Clarke, S. W. and Davia, D. eds. pp. 197-224, 
Butterworths, London, England, 1984, can be used when practicing the present 

20 invention. Aerosol delivery systems of the. type disclosed herein are available 
from numerous commercial sources including FiSons Corporation (Bedford, 
Mass 5, Schering Corp T (Kenihvorth, N.J.) and American 'Pharmoseal Co. 
; (Valencia; Calif.). 

Pharmaceutical compositions suitable for use in context of the present 

25 invention include compositions wherein the active ingredients are contained in 
an amount effective to achieve the intended purpose. More specifically, a 
therapeutically effective amount means an amount of active ingredients 
effective to induce an immune response thus preventing, alleviating or 
ameliorating symptoms of a disorder (e.g., atherosclerosis). 
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Ascertaining the optimum regimen for administering the active 
ingredient(s) is determined in light of the information disclosed herein and 
well known information concerning administration of mucosally active 
antigens, and autoantigens. Routine variation of dosages, combinations, and 

s duration of treatment is performed under circumstances wherein the severity of 
atheromatous development can be measured. Useful dosage and administration 
parameters are those that result in reduction in inflammatory reaction, 
including a decrease in number of autoreactive T-cells, or in the occurrence or 
severity of at least one clinical or histological symptom of the disease. 

to The pharmaceutical composition of the present invention can be 

formulated comprising a therapeutically effective amount of additional 
compound or compounds useful in treating or preventing plaque related 
disease. In one - preferred embodiment the additional compounds are 
HMGCoA reductase inhibitors (statins), mucosal adjuvants (see, for example, 

15 US Pat No. 6,270,758 to Staats, et al), corticosteroids, anti-inflammatory 
compounds (see, for example US Pat No. 6,297,260 to Bandarage, et al), 
analgesics, growth factors, toxins and additional tolerizing agents. In addition, 
it will be appreciated that use of the methods and compositions of the present 
invention does not preclude the initiation or continuation of other therapies for 

20 the abovementioned diseases or conditions, except where of specifically 
counterindicated. • ~ ' • 

For any preparation used in the methods of the invention, the 
therapeutically effective amount or dose can be estimated initially from in vitro 
and cell culture assays. For example, a dose can be formulated in animal 

25 models to achieve a desired concentration or titer. Such information can be 
used to more accurately determine useful doses in humans. 

In further preferred embodiments of the present invention, cytokine and 
non-cytokine synergists can be conjoined in the treatment to enhance the 
effectiveness of mucosal tolerization with plaque associated molecules. Oral 

30 and parenteral use of other cytokine synergists (Type I interferons) has been 
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described in PCT/US95/04120, filed Apr. 07, 1995. Administration of Th2 
enhancing cytokines is described in PCT application no. PCT/US95/04512, 
filed Apr. 07, 1995. For example, IL-4 and IL-10 can be administered in the 
manner described in PC17US95/045 12. 

5 Toxicity and therapeutic efficacy of the active ingredients described 

herein can be determined by standard pharmaceutical procedures in vitro, in 
cell cultures or experimental animals. The data obtained from these in vitro 
and cell culture assays and animal studies can be used in formulating a range 
of dosage for use in human. The dosage may vary depending upon the dosage 

10 form employed and the route of administration utilized. The exact 
formulation, route of administration and dosage can be chosen by the 
individual physician in view of the patient's condition. (See e.g., Fingl, et a/., 
1975, in "The Pharmacological Basis of Therapeutics", Ch. 1 p.l). 

Dosage amount and interval may be adjusted individually to provide 

15 mucosal levels of the active ingredient that are sufficient to induce tolerance. 
The "tolerizing dosage" will vary for each preparation, but can be estimated 
from in vitro data. Dosages necessary to achieve tolerizing dosage will depend 
on individual characteristics and route of administration. Detection assays can 
be used to determine plasma concentrations. 

20 Depending on the severity and responsiveness of the condition to be 

treated, dosing can beof a single or a plurality of administrations, with course 
•'" of treatment lasting from several days to several weeks or until cure is effected 
or diminution of the disease state is achieved. : 

The amount of a composition to be administered will, of course, be 

25 dependent on the subject being treated, the severity of the affliction, the 
manner of administration, the judgment of the prescribing physician, etc. 

Compositions of the present invention may, if desired, be presented in a 
pack or dispenser device, such as an FDA approved kit, which may contain 
one or more unit dosage forms containing the active ingredient. The pack 

30 may, for example, comprise an inhaler. The pack or inhaler may be 
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accompanied by instructions for administration. The pack or inhaler may also 
be accommodated by a notice associated with the container in a form 
prescribed by a governmental agency regulating the manufacture, use or sale 
of pharmaceuticals, which notice is reflective of approval by the agency of the 

5 form of the compositions or human or veterinary administration. Such notice, 
for example, may be of labeling approved by the U.S. Food and Drug 
Administration for prescription drugs or of an approved product insert. 
Compositions comprising a preparation of the invention formulated in a 
compatible pharmaceutical carrier may also be prepared, placed in an 

io appropriate container, and labeled for treatment of an indicated condition, as is 
further detailed above. 

It will be appreciated that administration of the tolerizing compositions 
and methods of the present invention may be effected by additional non 
mucosal methods such as intradermal, subcutaneous and intraperitoneal 

15 application. 

According to another aspect of the present invention, there is provided 
an assay for determining the effects of mucosal administration of plaque 
associated molecules on artherosclerosis related disease or condition, the assay 
effected by mucosaUy administering the plaque associated molecule or 

20 composition thereof to a subject having such a disease or condition, and 
.: asses^jni -at least one indicator of atherogenesis. or* 'inflammation. In a 
preferred embodiment, the plaque associated molecule is oxidized LDL, beta- 
2-GPI, HSP and/or derivates thereof. In another embodiment at least an 
antigenic portion of at least one plaque asspciated molecule is administered 

25 mucosally, the plaque associated molecule being a naturally occurring or 
synthetic molecule. 

Indicators of atherogenesis or inflammation that can be assessed in the 
context of the assay of the present invention are known to the art. Some non- 
limiting examples are histological methods such as fatty streak lesion count, 

30 and immunological methods such as Stimulation Index, as described herein in 
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Examples section that follows. Progression of atherosclerosis can be assessed, 
for example, in atherosclerosis-prone mice maintained on an atherogenic diet 
(see, for example, George J, et al Circulation 1999;99:2227-30). Inflammation 
can be assessed by cytological, immunological, biochemical, molecular and 

5 genetic techniques known in the art. 

Additional objects, advantages, and novel features of the present 
invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be limiting. 
Additionally, each of the various embodiments and aspects of the present 

10 invention as delineated hereinabove and as claimed in the claims section below 
finds experimental support in the following examples. 



Reference is now made to the following examples, which together with 

15 the above descriptions, illustrate the invention in a non limiting fashion. 

Generally, the nomenclature used herein and the laboratory procedures 
utilized in the present invention include biochemical and immunological 
techniques. Such techniques are thoroughly explained in the literature. See, 
for example, "Cell Biology: A Laboratory Handbook", Volumes I-III Cellis, J. 

20 E., ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan J. 
E., ed. ; (1994); Stites et^al. (eds), "Basic and Clinical Immunology" (8th 
Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), 
• "Selected Methods in Cellular Immunology", W. H. Freeman and Co., New 
York (1980); available immunoassays are extensively described in the patent 

25 and scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,1 53; 
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 
3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 and 
5,281,521; and "Methods in Enzymology" Vol. 1-317, Academic Press; 
Marshak et al., all of which are incorporated by reference as if fully set forth 

30 herein. Other general references are provided throughout this document. The 
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procedures therein are believed to be well known in the art and are provided 
for the convenience of the reader. All the information contained therein is 
incorporated herein by reference. 

5 Materials and Experimental Methods 

Animals: Apo-E deficient mice used in these experiments are from the 
atherosclerosis prone strain C57BL/6J-Apo-E lm,UJlc . Mice homozygous for the 
Apo-E tDllunc mutations show a marked increase in total plasma cholesterol 
levels which is unaffected by age or sex. Fatty streaks in the proximal aorta are 

10 found at 3 months of age. The lesions increase with age and progress to lesions 
with less lipid but more elongated cells, typical of a more advanced stage of 
pre-atherosclerotic lesion. 

Strain Development: The Apo-E taIunc mutant strain was developed in 
the laboratory of Dr. Nobuyo Maeda at University of North Carolina at Chapel 

15 Hill. The 129-derived E14Tg2a ES cell line was used. The plasmid used is 
designated as pNMC109 and the founder line is T-89. The C57BL/6J strain 
was produced by backcrossing the Apo-E"" 11 " 1 ' mutation 10 times to C57BL/6J 
mice (11,12). 

The mice were maintained at the Sheba Hospital Animal Facility (Tel- 
20 Hashomer, Israel) on a 12-hour light/dark cycle, at 22-24°C and fed a nprmal 
fat diet of laboratory chow (T^rina Rodent Laboratory Chow No. 5001) 
containing 0,Q27% cholesterol, approximately 4.5% total fat, and water, ad 
libitum. "Western diet" (TD 96125, Harlan Teklad, 42% calories from fat, 
" 43% from carbohydrates and 15% from protein) describes a standardized, high 
25 fat atherogenic diet. 

Nasal Tolerance: Nasal tolerance was induced by intranasal 
aciministration of oxidized LDL, Beta2GPI or HSP65, in a total volume of 10 
pi PBS. Intranasal administration was performed on mildly sedated mice (12- 
16 weeks old), each mouse receiving 3 doses of antigen per dose, in the 
30 indicated concentrations, every other day. Atherogenesis was induced by 5 
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weeks of a Western diet, initiated on the day following the last intranasal 
administration. Controls received equal amounts of BSA and/or PBS, as 
indicated, in an identical regimen. Plasma samples were obtained for 
assessment of cholesterol and triglyceride levels from all mice, and the mice 

5 were sacrificed for evaluation of atherosclerosis, as described hereinbelow, 
after 5 weeks Western diet. 

Oral Tolerance: For comparison, oral tolerance to plaque associated 
molecules was induced by feeding 3 doses of antigen every other day (for a 
detailed account of induction of oral tolerance, see US Pat Application No 

10 09/806,400 to Shoenfeld et al filed Sept 30, 1999), in a similar regimen to the 
nasal tolerance. 

Antigen Preparation 

Beta2GPI: Human Beta2GPI was purified from the serum of a healthy 
adult as described by Gharavi, et al (J Clin Invest 1992;92:1 105-09). 

15 Oxidized LDL: Human LDL (density=1.019- 1.063g/l) was prepared 

from Plasma of fasting individuals by preparative ultracentrifugation (50,000 
rpm/min, 22 min), washing, dialysis against 150mM EDTA, pH 7.4, filtration 
(0.22 um pore size) to remove aggregation, and storage under nitrogen. LDL 
oxidation was performed by incubation of dialyzed, EDTA-free LDL with 

20 copper sulfate (10 \xM) for 24 hours at 37° Q... Lipoprotein oxidation was 

.■• .-confirmed by analysis of thiobarbituric acid-reactive substances (TBARS), 
which measures malehdialdehyde (MDA) equivalents. 

HSP65: Recombinant mycobacterial HSP-65, prepared as described . ■ 
(Prohaszka Z et al, Int Immunol 1999;11:1363-70) was kindly provided by Dr. 

25 M. Singh, Braunschweig, Germany. 

Immunization: Subcutaneous immunization with human 
Beta2GPI: Human Beta2GPI was prepared from human plasma pool as 
described above. For immunization, human Beta2GPI was dissolved in PBS 
and mixed with equal volumes of Freund's incomplete adjuvant. 

30 Immunizations were performed by single subcutaneous injection of lOpg 
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antigen/mouse in 0.1ml volume. Three days following the last mucosal 
administration of plaque associated molecules the mice received one 
immunization, and were sacrificed 10 days post immunization. 

Cholesterol Level Determination: At the completion of the 

5 experiment, 1-1.5 ml of blood was obtained by cardiac puncture into vials 
containing EDTA, centrifuged to separate plasma. Total plasma cholesterol 
levels were determined using an automated enzymatic technique (Boehringer 
Mannheim, Germany). 

FPLC Analysis: Fast Protein Liquid Chromatography analysis of 

10 cholesterol and lipid content of lipoproteins was performed using Superose 6 
HR 10/30 column (Amersham Pharmacia Biotech, Inc, Peapack, NJ) on a 
FPLC system (Pharmacia LKB. FRAC-200, Pharmacia, Peapack, NJ). A 
minimum sample volume of 300 pi (blood pooled from 3 mice was diluted 1:2 
and filtered before loading) was required in the sampling vial for the automatic 

is sampler to completely fill the 200 sample loop. Fractions 10-40 were 
collected, each fraction contained 0.5 ml. A 250 pi sample from each fraction 
was mixed with freshly prepared cholesterol reagent or triglyceride reagent 
respectively, incubated for 5 minutes at 37°C and assayed 
spectrophotometrically at 500nm. 

20 Assessment of Atherosclerosis: Quantification of atherosclerotic fatty 

■ streak lesions was done by calculating the lesion size in the aortic sinus as- 
previously described (George J et al Circulation 1999;99:2227-30)and by 
calculating the lesion size -in the aorta. Briefly, after perfusion with saline Tris 
EDTA, the heart and the aorta were removed from the animals and the 

25 peripheral fat cleaned carefully. The upper section of the heart was embedded 
in OCT medium (10.24% w/w polyvinyl alcohol; 4.26% w/w polyethylene 
glycol; 85.50% w/w nonreactive ingredients) and frozen. Every other section 
(10 um thick) throughout the aortic sinus (400 um) was taken for analysis. The 
distal portion of the aortic sinus was recognized by the three valve cusps that 
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are the junctions of the aorta to the heart. Sections were evaluated for fatty 
streak lesions after staining with oil-red O. Lesion areas per section were 
scored on a grid by an observer counting unidentified, numbered specimens. 
The aorta was dissected from the heart and surrounding adventitious tissue was 
5 removed. Fixation of the aorta and Sudan staining of the vessels were 
performed as previously described (George J et al Circulation 1999;99:2227- 
30). 

Proliferation assays: Mice were exposed to the tested antigen as 
described for assessment of atherosclerosis, and then immunized (one to three 

10 days following the last exposure) subcutaneously with 10 ug Beta2GPI in 0.1 
ml PBS, prepared from purified human Beta2GPI as described above. 

Proliferation was assayed ten days after immunization with the 
Beta2GPI as follows: Draining inguinal lymph nodes were prepared by 
meshing the tissues on 100 mesh screens. Red blood cells were lysed with 

15 cold sterile double distilled water (6ml) for 30 seconds and 2ml of NaCl 3.5% 
was added. Incomplete medium was added (10ml), cells were centrifuged for 7 
min at 1,700 rpm, resuspended in RPMI medium and counted in a 
haemocytometer at 1:20 dilution (lOjxl cells + 190^1 Trypan Blue). 
Proliferation was measured by the incorporation of [ 3 H] Thymidine into DNA 

20 in triplicate samples of lOOul of thepacked cells (lxi0 & cells/ml) in a 96 well 
microtiter plate. '•Triplicate- samples of Beta2GPI (lOug/ml, lOOul/well) were 
added, cells incubated for 72 hours (37°C, 5% C0 2 and -98% humidity) and 
lOul 3 [H] Thymidine (0.5uCi/well) was added. After an additional day of 
incubation the cells were harvested and transferred to glass fiber filters using a 

25 cell harvester (Brandel) and counted using P-counter (Lumitron). Proliferation 
was measured by the incorporation of [ 3 H] thymidine into DNA during the 
final 12 h of incubation. The results are expressed as the stimulation index 
(S.I.): the ratio of the mean radioactivity (cpm) of the antigen to the mean 
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background (cpm) obtained in the absence of the antigen. Standard deviation 
was always <10% of the mean cpm. 

Statistical Analysis: A one-way ANOVA test was used to compare 
independent values. p<0.05 was accepted as statistically significant. 

EXAMPLE 1 

Inhibition of atherogenesis in genetically predisposed (Apo-E-deficknt) mice 
by induction of nasal tolerance with low doses of the plaque associated 
molecules oxidized LDL, human Beta2GPI and HSP 65 
The present inventors here demonstrate, for the first time, that nasal 
exposure to low doses of the plaque associated molecules oxidized LDL, 
Beta2GPI and HSP 65 provides induction of tolerance to the antigens, and 
significant inhibition of atherogenesis. Thus, nasal exposure to purified, 
oxidized human LDL, human Beta2GPI and recombinant mycobacterial HSP 
65 were compared for their effectiveness in suppressing atherogenesis in Apo- 
E-deficient mice. 63 male 9-13 week old Apo E/C 57 mice were divided into 
5 groups. In group A (HSP-65)(n=12) nasal tolerance was induced as 
described in Materials and Methods by administration of recombinant 
mycobacterial HSP 65 suspended in PBS (10 ug/mouse/lOul) for 5 days every 
other day. In group B (H-oxLDL)(n=14) nasal tolerance was induced as 
described in Materials and Methods by administration of 10 u£/mouse/10ul 
" oxidized purified human LDL, suspended in PBS, every other day for 5 days. 
Mice in group C (B2GPI)(n=13) received 10 pg/mouse/10nl human Beta2GPI 
per mouse, administered intranasally as described in Materials and Methods, 
every other day for 5 days. Mice in group D (BSA)(n=12) received 10 
ug/mouse/lOul bovine serum albumin (BSA) per mouse, administered 
intranasally as described in Materials and Methods, every other day for 5 days. 
Mice in group E (PBS)(n=12) received lOul PBS per mouse, adrninistered 
intranasally. Mice were bled prior to feeding (Time 0) and at the conclusion of 
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the experiment (End) for determination of lipid profile. Atherosclerosis was 
assessed in heart and aorta as described above, 8 weeks after the last feeding. 
Mice were weighed every 2 weeks during the experiment. All mice were fed 
water ad libitum and a normal chow-diet containing. 4.5% fat by weight 
(0.02% cholesterol), up to the final antigen exposure, and then a "Western" 
diet until sacrifice. 

Table 1: Inhibition of atherogenesis in Apo-E-deficient mice by intranasal 







HSP-65 


H-oxLDL 


H-B2-GPI 


BSA 


PBS 




Time 
0 


Weight 
(gr) 

(Mean±S.E) 


22.6 ±0.8 


22.3 ±0.5 


22.3 ±0.7 


21.8 ±0.7 


21.7 ±0.5 


P=0.833 




Choi 

(rag/dL) 

(Mean±S.E) 


237 ±13 


230 ±10 


230 ±14 


236±19 


227±14 


P=0.986 




TG 

(rag/dL) 
(Mean±S.E) 


150 4:19 


178 ±17 


162 ±18 


185±22 


160±15 


P=0.664 


END 


Weight 
(gr) 

_(Mean±S.E) 


26.8 ±0.9 


28.2 ±1.0 


29.2 ±1.5 


25.5±1.0 


26.3±1.3 


P-0.157 




Choi 
(mg/dL) 
(Mean±S.E) 


1181 ±114 


161 1 ±119 


1601 ±125 


1470±183 


1606±181 


P=0.197 




TG 
(mg/dL) 
(Median) 


288 


275 


380 


315 


403 


P=0.416 




Sinus Lesion 

(jim 3 ) 
(Mean±S.E) 


44375 
±5437 


43393 
±4107 


46250 
±4486 


120500 
±8746 


128182 
±9102 


P<0.001 



expressed in mg/dL. 

As can be seen from Figure 1, the results depicted in Table 1 
demonstrate the strikingly effective inhibition of atherogenesis measured in the 
tissues of mice receiving nasal exposure to low doses (10 ug/ mouse) of the 
plaque associated molecules, compared to control mice exposed to- sham 
antigen (BSA) or PBS. Furthermore, nasal tolerance is specific in its mode of 
protection: clearly, induction of nasal tolerance has no significant effect on 
other general parameters measured, such as weight gain, triglyceride or 
cholesterol blood levels. Thus, the antigenic plaque associated molecules 
oxidized LDL, Beta2GPI and HSP 65 are highly potent inducers of nasal 
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tolerance, with surprisingly low doses (10 ug/ mouse) and brief exposure (3 
days) of significant (greater than 65%) and consistent protection from 
atherogenesis in these genetically susceptible Apo-E-deficient mice. 

5 EXAMPLE 2 

Superior inhibition of atherogenesis in genetically predisposed (Apo-E- 
deficient) mice by induction of nasal tolerance with HSP 65 
The present inventors here demonstrate, for the first time, that nasal 
exposure to exceedingly low doses of the plaque associated molecule HSP 65 

10 provides superior induction of tolerance to the antigen, and inhibition of 
atherogenesis. Thus, nasal exposure to a low dose and an exceedingly low 
dose of recombinant human HSP 65 were compared for their effectiveness in 
suppressing atherogenesis in Apo-E-deficient mice. 58 male 12-16 week old 
Apo E/C 57 mice were divided into 4 groups. In group A (HSP-65 high)(n=14) 

15 nasal tolerance was induced as described in Materials and Methods by 
intranasal administration of lOug/mouse/lOul recombinant human HSP 65 
suspended in PBS for 5 days every other day. In group B (HSP-65 Iow)(n=16) 
nasal tolerance was induced as described in Materials and Methods by 
administration of 1 ug/mouse/lOpl recombinant human HSP 65 suspended in 
' 20 PBS every other day for 5 days. Mice in group C (BSA)(n=14) received 1 
ug/mouse/lOul BSA per mouse, administered intranasally, every other day for 
5 days. Mice in group D (PBS)(n=14) received lOul PBS per mouse, 
administered intranasally. Mice were bled prior to feeding (Time 0) and at the 
conclusion of the experiment (End) for determination of lipid profile. 

25 Atherosclerosis was assessed in heart and aorta as described above, 8 weeks 
after the last feeding. Mice were weighed every 2 weeks during the 
experiment. All mice were fed water ad libitum and a normal chow-diet 
containing 4.5% fat by weight (0.02% cholesterol), up to the final antigen 
exposure, and then a "Western" diet until sacrifice. 
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Table 2: Superior inhibition of atherogenesis in Apo-E-deficient mice by 
in tranasal administration of human HSP 65 







HSP65 

JO 

fig/Mouse 
N=12 


HSP65 
1 

fig/Mouse 
N=16 


BSA 

100 

fig/Mouse 
N=ll 


PBS 

N=10 


Statistics 


End 


Wt 


28.4 ±1.0 


26.9 ±0.9 


27.7 ±0.5 


28.7 ±0.7 


P=0.363 




Choi 


1073 ±65 


1010 ±64 


1009 ±74 


1015 ±85 


P=0.897 




TG 


348 ±32 


315 ±46 


3 16 ±32 


390 ±44 


P=0.564 




Sinus 
Les. 
um 2 


22292 
±2691 


17109 
±2053 


54432 
±8201 


47750 
±5779 ' 


P<0.05 

Between HSP- 
65 and PBS or 
BSA 



Note; "Weight" is weight Ln grams; "Choi" is serum cholesterol and "TG" is serum triglycerides, 
5 expressed in mg/dL. 

As can be seen from Figure 2, the results depicted in Table 2 
demonstrate the superior effectiveness of inhibition of atherogenesis measured 
in the tissues of mice receiving nasal exposure to exceedingly low doses (1 ug/ 

10 mouse) of HSP 65, compared to control mice exposed to sham antigen (BSA) 
or PBS. Furthermore, nasal tolerance is specific in its mode of protection: 
clearly, induction of nasal tolerance has no significant effect on other general 
parameters measured, such as weight gain, triglyceride or cholesterol blood 
levels. Thus, the antigenic plaque associated molecule HSP 65 is an extremely 

15 potent inducer of nasal tolerance, with even exceedingly low doses conferring 
significant (approximately 70%) protection from atherogenesis in genetically 
susceptible Apo-E-deficient mice, greatly superior to the protection achieved 
. by induction of oral tolerance (30%; see US Patent- Application No 09/806,400 
to Shoenfeld et al filed Sept 30, 1999). 

20 

EXAMPLE 3 

Superior suppression of specific anti-Beta2GPI immune reactivity in 
genetically predisposed (apo-E deficient) mice by intranasal administration 
of human Beta2GPI 

25 Tolerance induced by mucosal exposure to plaque associated molecules 

may be mediated by suppression of specific immune responses to antigenic 
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portions of these plaque associated molecules. Lymphocyte proliferation in 
response to mucosal (nasal and oral) exposure to human Beta2GPI was 
measured in Apo-E-deficient mice. 9 male, 5 week old Apo E/C 57 deficient 
mice were divided into 3 groups. In group A (n=3) oral tolerance was induced 
with 100 ug/mouse Beta2GPI suspended in 0.2 ml PBS, administered by 
gavage, as described above, every other day for 5 days. In group B (n=3) nasal 
tolerance was induced with 10 ug/mouse Beta2GPI suspended in 10 ul PBS, 
administered intranasally as described above, every other day for 5 days. The 
mice in group C (n=3) received oral administration of 200 ul PBS every other 
day for 5 days. Immune reactivity was stimulated in all mice by immunization 
with human Beta2GPI as described above in the Materials and Methods 
section, one day after the last feeding. Ten days after the immunization lymph 
nodes were collected for assay of proliferation. All mice were fed normal 
chow-diet containing 4.5% fat by weight (0.02% cholesterol) and water ad 
libitum. 

Table 3: Intranasal pretreatment with purified human beta2 GPI suppresses 
immune response to Human Beta2GPI in Apo-E-deficient mice 





PBS H-p r GPI 


H-prGPI 




OT 


NT 


S.I (Stimulation Index) 


7.0±0.2 4.4±0.5 


2.U0.5 



As can be seen from Figure 3, the results depicted in Table 3 
demonstrate significant suppression of immune reactivity to human Beta2GPI 
antigen, measured by inhibition of proliferation in the lymph nodes of Apo-E- 
deficient mice. Lymphocytes from mice receiving intranasal exposure to low 
atherogenesis-inhibiting doses (10 ug/ mouse) of human Beta2GPI showed an 
exceedingly reduced stimulation index following immunization with 
Beta2GPI, as compared to orally exposed and control (PBS) mice. Since 
previous studies with induction of nasal tolerance have shown no significant 
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effect on other parameters measured, such as weight gain, triglyceride or 
cholesterol blood levels, or immune competence (see abovementioned 
Examples), these results indicate a specific suppression of anti-Beta2GPI 
immune reactivity. Thus, intranasal administration of the purified plaque 
associated molecule Beta2GPI is a superior method of attenuating the cellular 
immune response to immunogenic and atherogenic plaque associated 
molecules in these genetically susceptible Apo-E-deficient mice. 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, it is 
intended to embrace all such alternatives, modifications and variations that fall 
within the spirit and broad scope of the appended claims. All publications, 
patents, patent applications and sequences identified by their accession 
numbers mentioned in this specification are herein incorporated in their 
entirety by reference into the specification, to the same extent as if each 
individual publication, patent, patent application or sequence identified by 
their accession number was specifically and individually indicated to be 
incorporated herein by reference. In addition, citation or identification of any 
reference in this application shall not be construed as an admission that such 
reference is available as prior art to 'the present invention. 
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1 . A pharmaceutical composition for prevention and/or treatment of 
atherosclerosis, cardiovascular disease, cerebrovascular disease, peripheral 
vascular disease, stenosis, restenosis and/or in-stent-stenosis in a subject in 
need thereof, comprising, as an active ingredient, a therapeutically effective 
amount of at least an antigenic portion of at least one plaque associated 
molecule, or pharmaceutical salts thereof, the composition further comprising 
a pharmaceutical^ acceptable carrier, the pharmaceutical composition being 
designed for mucosal administration. 

2. The composition of claim 1, wherein said plaque associated 
molecule is selected from the group consisting of oxidized LDL, beta-2-GPI, 
HSP and derivatives thereof. 

3 . The composition of claim 1, wherein said antigenic portion of at 
least one plaque associated molecule is a naturally occurring molecule or a 
synthetic molecule. 

4. The composition, of claim 1, wherein- the pharmaceutical 
composition is. formulated for nasal, respiratory, otic and/or conjuctival 

• administration. ' 

5. The composition of claim 1, wherein said at least said antigenic 
portion of said at least one plaque associated molecule is selected so as to 
reduce immune reactivity to plaque components in the subject. 

6. The composition of claim 1, packaged and identified for use in 
the prevention and/or treatment of at least one disorder selected from the group 
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consisting of atherosclerosis, cardiovascular disease, cerebrovascular disease, 
peripheral vascular disease, stenosis, restenosis and/or in-stent-stenosis. 

7. The composition of claim 1, further comprising a therapeutically 
effective amount of at least one additional compound selected from the group 
consisting of HMGCoA reductase inhibitors (statins), mucosal adjuvants, 
corticosteroids, anti-inflammatory compounds, analgesics, growth factors, 
toxins, and additional tolerizing antigens. 

8. An assay for determining the effect of mucosal administration of 
plaque components on atherosclerosis-related disease or condition, the assay 
comprising: 

(a) mucosally administering to a subject having an atherosclerosis- 
related disease or condition at least an antigenic portion of at 
least one plaque associated molecule and, 

(b) assessing at least one indicator of atherogenesis in said subject to 
thereby determine the effect of mucosal administration of said at 
least said antigenic portion of said at least one plaque associated 
molecule on the atherosclerosis-related disease or condition . 

9. The -assay of claim 8, wherein said plaque associated molecule is 
selected from the group consisting of oxidized LDL, beta-2-GPI, HSP and 
derivatives thereof. 

10. The assay of claim 8, wherein said antigenic portion of said at 
least one plaque associated molecule is a naturally occurring molecule or a 
synthetic molecule. 



11. A method of prevention and/or treatment of atherosclerosis, 
cardiovascular disease, cerebrovascular disease, peripheral vascular disease, 
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stenosis, restenosis and/or in-stent-stenosis in a subject in need thereof, the 
method comprising mucosally administering a therapeutically effective amount 
of at least an antigenic portion of at least one plaque associated molecule to the 
subject. 

12. The method of claim 11, wherein said plaque associated 
molecule is selected from the group consisting of oxidized LDL, beta-2-GPI, 
HSP and derivatives thereof. 

13. The method of claim 11, wherein said at least said antigenic 
portion of at least one plaque associated molecule is a naturally occurring or 
synthetic molecule. 

14. The method of claim 11, wherein administration of said 
antigenic portion of said at least one plaque associated molecule is effected via 
nasal, respiratory, otic and/or conjunctival route. 

15. The method of claim 11, wherein administration of said at least 
said antigenic portion of at least one plaque associated molecule reduces 
immune reactivity to said at least one plaque associated molecule in said 
subject. 

16. The method of claim 11, wherein said at least said antigenic 
portion of said at least one plaque associated molecule is administered along 
with a therapeutically effective amount of a compound selected from the group 
consisting of HMGCoA reductase inhibitors (statins), mucosal adjuvants, 
corticosteroids, anti-inflammatory compounds, analgesics, growth factors, 
toxins, and additional tolerizing antigens. 
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Oral tolerance and inflammatory bowel disease 

Thomas A. Kraus a and Lloyd Mayer b 



Purpose of review 

Oral toleranec fcfefe h, the atxky of the mucosa! irr.mene 
system to act v;. ; y nr ; b r s, str. :n.-c ^rroe..- assponc.es to foci 
antigens! Recertify, clinical 'aiais have used ord ioloranco 
as a therapy c<r.u<>i "ncos o n-k<rr.mato;y and 
.Uiioimrnese d-seerae; a.-.;'- .e, o-„;;!-"l;.- sohiro-;^ una iypo 5 
ci-abotos. In:h:m:-e,;te : , b'..v^ ei : s ne.v v.-rioty 
thought to be :;.».:».?<; ihe nr^do-.vn of r.tal toSt-ranr* 
through a combination of g«ru>t«" find environmental 

J i>, t < T 1 ^ t t . ' ' J >■ ' ■- " ' ,v ~ 

v <u d try to , >< < r to! an i ' > ' 

symptoms of inflammatory bowef disease. Yet; -armed with 
the results of seieoi ammaf maiMs. tails have begun tor a«sJ 
toierance therapy for Crohn's disease. This tw» will 
ootfne the r«!rt advances in un£ten»tam*ng etc;; toiofar.ee, 
■,;xu!o-ij thsiolation bobveon oral tolerance and tnfteumatoty 
buwrf (jBiOrtMt. <rod comment en the ttkoishood of ;.uesee;4o! 
mft t toiijf,i>v:<.s therapy ; or nfianintiitoty boweJ disease. 
Recent findings 

Tf)e resetts of an ota! toteanoe tr-at ;n Crohn's disease 
paterae >n feraci have shewn som<j prormsng to; ttts, 

otai toioroori: n paoer-o; wth .n«i.wmiixy bo\soi d:$oas<; 
from toe authors' laboratory hew shown that food-ng a 
ncoumtnon in an attempt to :ndia:o oral mforance is not 
successful « parents with inliammatwy bowef disease. 
Summary 

The fundament;* dslmence in the mechanisms of oca! 
tolerance mice and humans f«qu:f«« a more focused : 
effort to understand the human mucosa! immune system 
before oral toieranco therapy for auto mmat-.a and chrome 
inHamoKitotydiso'dors machos ts tull poterAaf. : e 



Introduction 

Recent studies in both mouse models and human tissues 
have suggested that inflammatory bo«d disease iHU» is 
a consequence of the breakdown of norma! mucosal toler- 
ance. IBD patients have deemed serum antibodies against 
dietary antigens 1 Tolerance to norma! flora seems to he 
broken in IBD patients, which >uggesrs active, not sup- 
pressed, immune [espouses against luminal antigens 
1 2-4 j. Therefore, the study of oral tolerance can have a sig- 
nificant clinical impact on IBD management. Although 
the role of CD4 + T cells in the mechanism of murine oral 
tolerance has been well defined, the contributions of 
Cl)H* T cells, dendritic cells, and other cell types are cur- 
rently being elucidated. Furthermore, no understanding of 
the mechanism of oral tolerance in humans exists. Recent 
u ork from IWigno's 1 5" i lab has implicated an intestinal 
epithelial cell-derived cytokine that drives the mucosal 
dendritic cells to secrete antiinP.-aronvatory cytokines, con- 
tributing to the state of controlled inflammation that is 
the hallmark of the norma! bowel. This cytokine was 
reduced or absent, in intestinal epithelial ceils (JECs) ftom 
five of seven Crohn's disease patients. Our laboratory (<>,?} 
h:rs published studies showing the absence of a molecule 
called gplKO from the epithelial ceils of IBD patients and 
that experimental oral tolerance, in both Crohn's disease 
patients and ulcerative, colitis patients in remission, could 
not be achieved. 

'These works highlight the relation between oral toler- 
ance, intestinal homeostasis (controlled inflammation), 
and iBD and may give further insight into the mechanisms 
of each. 
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Oral tolerance 

The term otal tolerance refers to the active nonresponse 
to dietary antigens and commensal enteric bacteria or sub- 
stances administered orally. Given that the systemic immune 
svstem must discriminate between self and mm self, 
the (miCi)sa! immune system must discriminate befvwen 
potentially harmful pathogens and harmless luminal anti- 
gens. It bs> been suggested that the failure to do this 
results in fo.-d aiicrgies and speetfk food intolerance such 

Crohn's disease (response against bacteria! flora t iK l M- 
'The mechanisms of oral tolerance induction have been 
extensively studied in murine systems. Repeated low dose 
feeding results in a TeeH mediated suppression of immune 
responses Muaipic snbtvpes of regulator T'celishave txa.-r. 
identified that involve' the secretion of interleukin- 10, 
intedeukin-4. and transforming growth, tactot-fi :!f)-!21. 
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deletion JtS). Aside fiom what is known about experimcrs-- 
tally induced oral tolerance, there arc mum other properties 
of the gut-associated lymphoid tissue rbar contribute to 
intestinal homeostasis and the generally suppressive nature 
of the rtiueosal immune sv>icm. 

Regulatory CD8+T Cells in oral tolerance and 
inflammatory bowel disease 

Although cHperurtent.il oral tolerance dues not require the 
nresence of CITC T cells, othc; studies show that: CD8 ' 



xv- a suppressor phenotypc [ 14-18]. We ha 
:>cultunngCD8" T cells with SF.Cs gives ; 



rt p< 



' s it p j. 



with iECs 



the expression of a subgroup of intestinal antimicrobial 
peptides known as cryptdins S29"|. The SOD-' mutations 
that are found in Crohn's patients are generally ioss-of- 
function mutations, implying that tor some patients with 
Crohn's disease, at least, the initial defect might be the 
lack the production ofthe.se defensins. Gain-of- function 
mutations also exist, however; these polymorphisms result 
ul isnmtn, uJ (tcvp.mknt msT irfuo.t kICuir 
irv, which results to uncontrolled inflammation. 



N0D2 is not the 



acptor-4 has bee 



: iiptspolysacchat 



n might 



. ...... el 6j. This does not 

of IBD patients. Recently, we have shown th 
oligoelomil expansion of regulatory CDS * 1 ceils, following 
coci.ikme with normal IECs and that these cells arc defi- 
cient in IBD patients \ POOL Because CDS* T cells were 
shown to be mmeccssais hi es.penmeutai oral toiciaoce in 
murine systems, this might he a fundamental difference in 
the mechanism (if human and murine oral tolerance [14 j. 

Dendritic cells 

Recently, progress has been made in understanding the 
role of dendritic cells in mucosal tolerance. One of the 
first suggestions that dendritic cells play a role in toler- 
ance was the use. of Fits* iigand in mouse models of oral 
tolerance induction [211. in this mode!, a concurrent: 
increase in dendritic cell populations in the. intestine 
and experimental oral tolerance was observed, it was later 
shown that dendritic eel is mold express tight junction 
proteins and intemtlculate then dendrites between intes- 
tinal epithelial cells to sample luminal antigens without: 
perturbing the mucosal harrier [221. Furthermore, intesti- 
nal dendritic c ells conrain components of commensal bac- 
teria |23*!- Investigators have now identified an IEC- 
seereted cvtokine, thymic suumal lymphopoietin, that 
matures dendritic celts into 'mucosal dendritic cells' chat 
secrete [nterieukin-iO, not interieokin- 12, and help- pro- 
mote T H 2 maturation IS**]- Interestingly, in a small sur- 
vey of Crohn's disease patients, live- of seven patients 
had undetectable amounts of this cytokine. Although 
the exact significance of this result is unknown, it does 
suggest chat dendritic cells might plan an important role 
in human oral tolerance and, by inference, IBD. 

Pathogen recognition in the gut 

Familial patterns of IBD suggest char there is a strong 
genetic component. I n a genome-wide streen, genetic link- 
age analyses implicated NODI as a predisposing genetic 
fKlot n ( hi s , s is, .4 ?Sj \ul) 1 is 1.l< i moo 
fted as a pathogen recognition molecule: N0D2 recognizes 
t spit c iftv mot to,' k>u i n t| rc,.j\( ! t) rmnl dipep- 
tide [26-28]. Interestingly, A'(>/)2-detteient mice are sus- 
ceptible to baccerial infection exclusively by the oral unite. 
It has been recently shown that N0D2 is required for 



expn-li 



■ the 



with 



t n h i s thssa i to i m n c < )ht s no in models of 
murine colitis 130,31). The receni: findings of these bacte- 
rial recognition defects and their association to human dis- 
ease ate funnel evidence, that IBD might be caused by a 
lack of suppression or tolerance to gut microflora [32*']. 

Oral tolerance therapy in mouse models of 
human disease 

Aside from understanding the mechanisms involved in 
mucosal tolerance, the idea that oral tolerance could be 
used to doworegulaic unwanted immune responses has 
been gaining popularity In 1%6, the first study was pub- 
lished showing that feeding soluble collagen to mice could 
inhibit collagen- .induced arthritis {33], Soon after that, 
other workers used a similar approach to inhibit other 
murine disease models such as experimental autoimmune 
encephalomyelitis, the mode! for multiple sclerosis, as 
well as models for rheumatoid arthritis, t issue graft rejec- 
tion, autoimmune uveitis, and type ! diabetes 134-401, 
Generally, both prophylactic and therapeutic approaches 
lot disease intervention have been wry effective. 



studies 



ntc ,k id- induced c 



■ the 



141,421. In this 



iolitis, 



hett/c 



sulfot 



solids 



C37/BI..10 or • [I ,! mouse |43|. The resulting 
hies the transmural lesions seen in Crohn's disease and is 
attributed to an tnterkmkin- 12 -induced T H f response [44], 
One possible significant difference between this model 
and human IBD is chat this mouse strain can be tolerkcd 
to fed antigens. As mentioned below, studies from our lab- 
oratory suggest that IBD patients cannot become orally 
toierir.ee! to led antigens. Therefore, it might be more rea- 
sonable to expect an oral tolerance response to fed antigens, 
even colonic proteins, in these suit e than in IBD patients. 

Oral tolerance in humans 

Armed with the effective use of oral tolerance in mouse 
models of inflammatory and autoimmune diseases, inves- 
tigators started simitar trials in humans. Unfortunately, 
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the data on the whole da not show particular efficacy 
[45,46]. 

The reason* why oral tolerance therapy j n humans h net as 
successful as in mice are unclear. It: is possible that the oral 
tolerance response in banians, using the doses and feeding 
schedule used in the trials, is nor optimal. The optima! oral 
tolerance response- in humans has nor yet been fully 
explored. The tits) published study showed that repeated 
feeding of 50 rag of keyhole linipei: hemoeyanin (KLH), a 
neoanttgen, resulted in a dow nrcgulatinn of reel! responses 
to subsequent subcutaneous administration of Hie antigen 
[47 j. In contrast to murine oral tolerance. B cell responses 
were not inhibited. This study suggested that although 
the phenomenon of oral tolerance might lae shared between 
species, the mechanisms of tolerance seem to differ. 

Our laboratory has previously shown that epithelial cells 
from both involved as well as unmvoived mucosa of" IBD 
patients lack a molecule called gpHSO that is normally 
exptessed on lECs and ttophoblasss and has been found 
to bind to CDS and associate with CD Id J7,48{. This 
complex interacts with the ToR/CDis coreceptot complex 
on regulatory T cells [49]. To see whether gpltiO is nee 
essaty for oral tolerance induction, we (Reformed the 
human oral tolerance protocol in 16 patients with Crohn's 
disease and ulcerative colitis and more than 30 normal 
control individuals 150*]. We first found the lowest dose 
of KLH required for effective oral tolerance (50 mgj in 
normal control individuals before conducting tan study. 
We found that whereas all the normal control subjects 
toiertzed, 6 of is Crohn's disease patients and 7 of 8 ulcer- 
ative colitis patients did not tolerize to KLH. In fact, 
given that Teed responses increased even after the feed- 
ing alone, it: seemed that feeding the antigen primed the 

pant ns W t ic urlcd that j i nts vith IBD seem to 
have defective oral tolerance responses and that this cor- 
relates with the lack of gphSO expression. 

Both Crohn's disease and ulcerative colitis scent to have 
genetic determinants. Crohn's disease, being more closely 
associated with genetic factors, than ulcerative colitis [51 j. 
Theteh i we Isi studied tin o tl toh ca respt) us.' 
nonafjeeted family metnhers from multiplex 1BD families, 
lit this study 5 of 14 nonaBeetetl femify members also did 
not tolerize to KLH, suggesting that some of these family 
members might cany rhe genetic dererniinant: for the loss 
ot tolerance but did trot experience IBD 1 32 j. father they 
lack exposure to an environmental factor or they lack another 
contributing gene lie fie tot for the development of 1BD. 

These studies suggest that oral tolerance therapy for 1BD 
would not be effective; however, in the preliminary studies 
tod u the resiihs were n re promising i in other oral tol- 
erance therapeutic trials. 1km [ 55*] headed a study with 



ENZO Biochem in Israel In which 10 Crohn's disease 
patients with Crohn's disease activity index (CDA1) scores 
between 200 and 350 were selected and underwent colo- 
noscopies wherein colonic material underwent biopsy and 
t >eci:n an pre > d the w r liy ted ant 
genie preparation. After a 16-week treatment of three feed 
bags a week, a median decrease in the CDA.1 of 129 after 
14 weeks was observed, although die score did rise again 
after treatment ended. Subsets of patients had a reduction 
sue, r t i iy s, a tin, h dun b d 1 ids sjuufu 

natural killer T cells, and increases in serum interleukin-4 
and inter!etikin-10 levels. Further multicente.t trials are 
pending from this company. 

Conclusion 

The gastrointestinal tract uses a profound svstem of roles 
aflce and controlled inflammation to limit the response to 
innocuous dietary Ot bacteria- derived antigens in the gut. 
When this complex system breaks down, either by a chem- 
ical ok pathogenic insult, a genetic disturbance, or both, 
the resulting immune response leads to colitis in mice 
or IBD in humans. 

In a competent mucosal immune system, oral tolerance 
has been successfully used in laboratories to prevent or to 
treat mice with a variety of experimental autoimmune dis- 
orders with the hope of someday applying this thetapv to 
human disease; however, there seem to be fundamental dif- 

r-a! toler II e dtffi n nces n -i t partial!; expfa n 

why expeiimeotaliy induced tolerance is less effective in 
humans than in mouse models, and w hy human trials of oral 
tolerance therapy for inflammatory and autoimmune disor- 
ders are less successful than oral tolerance therapy in mouse 
models. 

Using oral tolerance therapy for IBD is complicated fur- 
ther by the fact that the mucosa! immune system is 
already compromised. Statistical analyses of familial inher- 
itance' patterns suggest that ISO is a muitigenctic disor 
der. If this is t rue. then the same nonfunctional or partially 
effective mucosal immune system that led to IBD is still 
defective in terms of an ability to tolerize. Indeed, studies 
from our laboratory suggest that the same protocol that 
results in ma! tolerance in control individuals leads instead 
to an activation of the immune system in IBD patients. 
These results suggest that oral tolerance therapy would 
I rtl t r. r blij rttr Ir it v \ t tl t 

tie to self- antigens. t i i il bacteriailv f anti- 
gens, ot both. Mtenwth-ciy, the do>e and regimen of feed- 
ing could lead to differing results. 

With a greater understanding of the mechanism* gov- 
erning the responses of the human mucosal immune 
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s\su t< nd u (. k I l 1 1 i i' „ >. II hope ! r effec- 
tive treatment of IBD and other intlammatoty and auto- 
disorders. 
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Immunology Uncaged 

An imrounobgist argues that to move beyond mice 3nd galvanize clinical research, 
his field needs its own version of the Human Genome Project 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Conf.No.: 6701 

Filing Date: October 8, 2003 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DECLARATION UNDER 37 C.F.R. S 1.132 

I, Habib Zaghouani, do hereby declare and say: 

1 . I am a citizen of the United States and my current residential address is 1 608 Brookfield 
Manor, Columbia, Missouri, 65203. 

2. I obtained my undergraduate degree in biochemistry from University of Paris, France in 
1981. I obtained a Ph.D. in immunology from the University of Paris/Cancer Research 
Institute, France in 1987. 

3. I am presently the J. Lavenia Edwards Chair in Pediatrics, Director, Center for Cellular and 
Molecular Immunology and Professor, Department of Molecular Microbiology & 
Immunology and Department of Child Health at the University of Missouri. 

4. I have over one hundred publications and abstracts in the field of immunology. Please 
refer to the copy of my curriculum vitae in attached Appendix A for more details. 

5. I am a named inventor on the '788 application as well as on related co-pending application 
serial numbers: 10/510,411; 11/290,070; and 1 1/425,084. 

6. I have performed an experiment examining the impact of administration, initiated at the 
pre-diabetic stage, of soluble Ig-GAD2 to NOD mice over a period of 56 weeks. Data are 
provided in attached Appendix B. 

7. NOD mice were assessed for blood glucose beginning at week 12 of age. Those mice that 
reached glucose levels of 160 - 250 mg/dl between week 14 to 25 received the following 
Ig-GAD2 regimen: 500 u.g of soluble Ig-GAD2 i.p. daily for 5 days and then weekly 
injections thereafter for either 15 or 25 weeks. Blood glucose monitoring was performed 
during this period. 

8. Overall, 100% of mice that became pre-diabetic at the age of 14 - 25 weeks and that were 
not treated with Ig-GAD2 progressed to diabetes (blood sugar level 300 mg/dl glucose) 
within 5 weeks after diagnosis of the pre-diabetic stage. Moreover, 60% of mice 
undergoing the 15-week treatment regimen were protected against diabetes throughout the 
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25 week post-hyperglycemia monitoring period. Interestingly, one mouse (Figure 1 B, left 
panel, open stars) progressed to diabetes by 5 weeks of treatment and 3 mice (Figure 1 B, 
plus, open diamond, and open pentagon) had similar disease manifestations shortly after 
interruption of the treatment. 

9. When the regimen was extended to 25 weeks, 1 00% of the Ig-GAD2 treated animals were 
protected (Figure 1 A, right panel) and normoglycemia was restored in ail mice (Figure 1 
B, right panel). This status persisted throughout the duration of the study, which was 
terminated when the mice were 52 to 56 weeks of age. 

10. Blood glucose levels for sol Ig-GAD2 (through week 24 of treatment) treated mice are 
shown in Table 1. Blood glucose levels for the untreated mice are shown in Table 2. 

1 1. It is my professional opinion that the NOD mouse model is an appropriate and well 
accepted animal model for Type I diabetes. 

12. 1 declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment or both under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of 
the above-referenced application or any patent issuing thereon. 



December 19, 2007 




Date 



Habib Zaghouani, PhD 



2 



APPENDIX A 
Curriculum Vitae Habib Zaghouani 



EDUCATION 



Ph.D. 1987 Immunology, University of Paris/Cancer Research Institute, Paris, 

France. 

M.S. 1 983 Immunology, University of Paris/Pasteur Institute, Paris, France. 

B.S. 1 981 Biochemistry, University of Paris, Paris, France. 



POSITIONS AND RESEARCH EXPERIENCE 

2006-present Director, Center for Cellular and Molecular Immunology, The University of 

Missouri School of Medicine, Columbia, MO 

2006-present: J. Lavenia Edwards Chair in Pediatrics, the University of Missouri School 
of Medicine, Columbia, MO 

2006-present: Professor, Department of Child Health, the University of Missouri School 
of Medicine, Columbia, MO. 



2001-present: Professor, Department of Molecular Microbiology and Immunology, the 
University of Missouri School of Medicine, Columbia, MO. 

2000-2001: Associate Professor, Department of Microbiology, the University of 

Tennessee, Knoxville, Tennessee. 

1994-2000: Assistant Professor, Department of Microbiology, the University of 

Tennessee, Knoxville, Tennessee. 

1990-1994: Research Assistant Professor, Department of Microbiology, Mount Sinai 

School of Medicine, New York. 

1987-1989: Postdoctoral Fellow, Department of Microbiology, Mount Sinai School of 

Medicine, New York. Mentor: Dr. Constantin A. Bona. 

1983-1987: Graduate Research Assistant, Ph.D. candidate, Immunology, University 

of Paris/Cancer Research Institute, Paris, France. Mentor: Dr. Marc 
Stanislawski. 

1981-1983: Graduate Research Assistant, M.S. candidate, Immunology, Pasteur 

Institute, Paris, France. Director: Dr. Arthur Dony Strosberg. 
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RESEARCH GRANT SUPPORT 



A. Principal Investigator 
Active 

1) . 2R01 NS 037406, National Institutes of Health, March 2004 - February 2009. Modulation of 
autoreactive T cells. PI: Habib Zaghouani. 

2) . 1R01 DK 065748, National Institutes of Health, April 2005-March 2008. Immune tolerance 
against type I diabetes in mice. PI: Habib Zaghouani. 



3) . 2R01 Al 48541, National Institutes of Health, May 2006- April 2011. Regulation of neonatal 
immunity. PI: Habib Zaghouani. 

4) . 1R21 Al 068746, National Institutes of Health. July 2007 - June 2009. Mimotopes against 
type I diabetes. PI: Habib Zaghouani. 

Pending 

1). 1R01 NS057194-A2, National Institutes of Health, April 2008 - March 2013. Regulation of 
autoimmune encephalomylitis. PI: Habib Zaghouani. 



2). 2R01 DK 065748-01, National Institutes of Health, April 2008-March 2013. Immune 
tolerance against type I diabetes in mice. PI: Habib Zaghouani. 



B. Co-investigator, Mentor, or Key Personnel 



Active 

T32 GM008396, National Institute of General Medical Sciences (NIGMS), July 1991-June 2012. 
Molecular Basis of Gene Expression and Signal Processing. PI: Mark Hannink (Zaghouani: 
Mentor). 

T32 RR007004, National Institutes of Health, July 2005-June 2010, Postdoctoral Training in 
Comparative Medicine. PI: Craig Franklin (Zaghouani: Mentor). 

T90 DK71510, National Institutes of Health, September 2004 - August 2009. Bench and Back: 
Clinical biodetectives training. PI: Mark Milanick (Zaghouani: Mentor). 

R90 DK71510, National Institutes of Health, September 2004 - August 2009. Bench and Back: 
Clinical biodetectives training. PI: Mark Milanick (Zaghouani: Mentor). 
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K08 AR048671, National Institutes of Health, June 2005-April 2008, Cytokine regulation of 
collagen-induced arthritis. PI: Robert Ortman (Zaghouani: Mentor). 

1G20 RR021327, National Institutes of Health, September 2004-August 2009. Equipment for 
the MU Life Sciences Center. PI: Lon Dixon, (Zaghouani: Key personnel). 

1 G20 RR019711, National Institutes of Health, September 2004-Agust 2009. Renovation of MU 
Medical School Vivarium. PI: Lon Dixon. (Zaghouani: Key personnel). 

U19AT003264-01, National Institutes of Health, September 2005 - August 2009. TICIPS: 
HIV/AIDS, Secondary Infections and Immune Modulation. Center grant. PI: William Folk 
(Zaghouani: Faculty Member). 

Research Foundation Grant, Arthritis Foundation, April 2006 - May 2008. Synoviolin is a 
target for arthritis. PI: Deyu Fang (Zaghouani: Mentor). 



C. Previous Support (PI: Zaghouani. H) 



1) . R21 Al 062796, National Institutes of Health, July 2005-June 2007. Immune tolerance in the 
newborn mouse. Yearly direct cost $150,000. PI: Habib Zaghouani. No cost extension 
11/30/2007 

2) . 1R01 AI48541, National Institutes of Health, May 2001- April 2006. Regulation of neonatal 
immunity. Yearly direct cost: $175,000. PI: Habib Zaghouani. 

3) . Astral Inc, October 2001- September 2004. Development of Approaches to Combat 
Autoimmunity. PI: Habib Zaghouani. 

4) . RO1NS37406, National Institutes of Health, January 2000- December 2004. Modulation of 
autoreactive T cells. PI: Habib Zaghouani 

5) . RG2967B-3, National Multiple Sclerosis Society, October 2002 - March 31, 2004 Down- 
regulation of encephalitogenic T cells. PI: Habib Zaghouani. 

6) . RG2967A2/1, National Multiple Sclerosis Society, April 99 - March 2002. Down-regulation of 
encephalitogenic T cells. PI: Habib Zaghouani. 

7) . Astral Inc: March 95 - July 2001. A novel approach to delete encephalitogenic T cells. PI: 
Habib Zaghouani, 

8) . RG2778A1/1, National Multiple Sclerosis, April 96 - March 1999. A deletional strategy for 
encephalitogenic T cells. PI: Habib Zaghouani. 

9) . Astral Inc:, September 97- August 99. Generation of human Ig chimeras carrying wild type or 
antagonist forms of myelin peptides. PI: Habib Zaghouani. 



10). 1R41AI47496, (STTR): National Institutes of Health, September 2000-August 2001. 
Treatment of EAE using a novel delivery system. . Co-PI: Habib Zaghouani. 
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TEACHING EXPERIENCE 



Microbiology 205 (Medical Microbiology) 3 credit hours, 8 lecture contact 
hours, 170 student, Spring semester, University of Missouri School of 
Medicine, Columbia. 



2002-present: 



Microbiology 304 (Immunology) 3 credit hours, 14 lecture contact hours, 
30 students, Fall semester, Molecular Microbiology and Immunology, 
University of Missouri School of Medicine, Columbia. 



2002-present Microbiology 407 (advanced Immunology) 4 credit hours, 9 lecture 

contact hours, 18 students, Spring semester, Molecular Microbiology and 
Immunology, University of Missouri School of Medicine, Columbia. 



2001 -present: 



Bio 4952, Undergraduate research, 3 credit hours, 1-2 students, Fall and 
Winter semesters 



2001 -present: 



Bio 4950, Undergraduate research, 3 credit hours, 2-3 Students, Fall and 
Winter semesters 



2001 -present: 



Direct Immunology Journal Club, 1 hour/week all year around, 40 student, 
postdocs and faculty members 



Microbiology 430 (Immunology), 3 credit hours, 45 lecture contact hours, 
100-120 students, Fail semester, Microbiology, The University of 
Tennessee, Knoxville. 



Co-direct Microbiology 602 (Microbial Pathogenesis Journal Club), 1 
credit hour, 15 lecture contact hours, 10-15 students, Fall semester, 
Microbiology, The University of Tennessee, Knoxville. 



Co-direct Microbiology 603 (Immunology Journal Club), 1 credit hours, 15 
lecture contact hours, 10-15 students, Spring semester, Microbiology, 
The University of Tennessee, Knoxville. 



Microbiology 401 (Undergraduate Research), 3 credit hours, 1-2 students 
per semester, Microbiology, The University of Tennessee, Knoxville. 
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1998: Microbiology 630 (Topics in Immunology), 3 credit hours, 10 lecture 

contact hours, 20 students, Spring semester, (Seminar Series) 
Microbiology, The University of Tennessee, Knoxville. 



1998-2001: Microbiology 493 (Independent Study in Immunology), 6 students, 10 

lecture contact hours, spring, Microbiology, The University of Tennessee, 
Knoxville. 

1992-1994: 600-level Immunology course, 3 credit hours, 6 lecture contact hours, 10 

students, spring, Microbiology, Mount Sinai School of Medicine, New 
York, 



HONORS AND AWARDS 

2006. Speaker, Keystone Symposia on Tolerance Autoimmunity and Immune 

Regulation. March 21-26, 2006. Beaver Run Resort, Breckenridge, Colorado. 
Presentation title: Tregs for or against diabetes. 

2004: Research Equipment Award for the purchase of an ELISPOT Analyzer, Office of 

Research, The University of Missouri, 

2003: Keystone Symposia Scholarship ($1,000) for poster presentation by Hyun-Hee 

Lee, a graduate student in the laboratory, the meeting was held in Snowbird, UT 

2003: Honorable citation for poster presentation by Randal Gregg, a graduate student 

in the laboratory. Life Science week, University of Missouri-Columbia. 

2001: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

2000: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

2000: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of research Administration, The University of Tennessee, 
Knoxville. 

1999: Chancellor's nomination for Howard Hughes Medical Institute Assistant 

Investigator Appointment, The University of Tennessee, Knoxville. 

1999: Biological Equipment Award, Office of Research Administration/Science 

Alliance/Genome Science and Technology/Division of Biology, The University of 
Tennessee, Knoxville. 

1999: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 
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1999: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of research Administration, The University of Tennessee, 
Knoxville. 

1998: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

1998: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of Research Administration, The University of Tennessee, 
Knoxville. 

1997: Biological Equipment Award, Office of Research Administration/Science Alliance/ 

Division of Biology/ Department of Microbiology, The University of Tennessee, 
Knoxville. 

1997: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of Research Administration, The University of Tennessee, 
Knoxville. 

1990: Research Excellence Award, Alliance Pharmaceutical Corporation. San Diego, 

CA. 

1987-1988: Scientist Exchange Award (Postdoctoral Fellowship), French Cancer Society, 
Paris, France. 

1984-1987: Graduate Student Scholarship, French Cancer Society, Paris, France. 



PROFESSIONAL SERVICE 



2007: Chair, Block symposium, regulation of immune cell development and 

function, American Association of Immunologis, Miami, FL. 

2006-2010: Panel member, Hypersensitivity, Autoimmune and Immune-mediated 

Diseases (HAI) study section. 

2006: Chair, Block symposium, treatment of autoimmune disease, American 

Association of Immunologis, Boston, MA. 

2006: Review panel member, research proposals on Neurosciences, La Marato 

de TV3 Foundation, Catalan Agency For Health Technology Assessment 
And Research 

2005: Chair, Block symposium, Cytokines and autoimmunity, American 

Association of Immunologis, Experimental Biology Meeting, San Diego, 

CA. 



2004: 



Panel member, NIAID Biodefence Workshop, Immunization and 
Vacination in Special Populations, Division of Allergy, Immunology and 
transplantation, NIH, Bethesda, MD 



2004-present: 



Chair, Block symposium, Tolerance and regulation of autoimmunity, 
American Association of Immunologis, Experimental Biology Meeting, 
Washington DC. 

Adhoc Reviewer, TTT Study section, National Institutes of Health 



2004-present: Adhoc Reviewer, HAI Study section, National Institutes of Health 

2003 Adhoc Reviewer, IMS Study Section, National Institutes of Health 

2003 Adhoc Reviewer, ALY Study Section, National Institutes of Health 

2003-present: Member, Molecular Biology Program, University of Missouri-Columbia 

2003-present: Member, Genetics Area Program, University of Missouri-Columbia 

2003-present: Member, Veterinary Pathobiology Area Program, University of Missouri- 

Columbia 

2003-present Scientific Consultant, Division of endocrinology and Diabetes, Unversity 

of Missouri, Kansas City, MO 

2002-2004: Scientific Consultant, Alliance Pharmaceutical, San Diego, CA. 

2001-present: Member of The Graduate Student Recruitment Committee, Department of 

Molecular Microbiology and Immunology, The University of Missouri 
School of Medicine, Columbia. 

2000-2001: Adhoc Reviewer, BM-1 Study Section, National Institutes of Health 

1992-2000: Editorial board member: Viral Immunology 

1989-present: Reviewer: Immunology Journals 

2000: Guest Editor, International Review of Immunology 

2000-2001: Chair, Graduate Student Advisory Committee, Genome, Science, and 

Technology program, Oak Ridge National Laboratories and The 
University of Tennessee, Knoxville. 

1995-2001: Member of The Graduate Student Recruitment Committee, Department of 

Microbiology, The University of Tennessee, Knoxville. 

1998: Member of Faculty Search Committee, Department of Comparative 

Medicine, College of Veterinary Medicine, The University of Tennesee, 
Knoxville. 



1999: 



Panel Member: NIH/NCI, Small Business Innovation Research 
(SBIR)/Small Business Technology Transfer (STTR) Grant program. 
Flexible system to advance innovative research for cancer drug discovery 
by small business panel. 



PROFESSIONAL MEMBERSHIP 



2006-present: 
1998-present: 
1992-present: 
1992-present: 



Member of the Henry Kunkel Society 
Member of the Society for Neuroscience 

Member of the American Association for the Advancement of Science. 
Member of the American Association of Immunologists. 



PUBLICATIONS 



Manuscripts published in peer-review journals 



59. Bot, A., D. Smith, B. Phillips, S. Bot, C. Bona, and H. Zaghouani . (2006). Immunologic 
control of tumors by in vivo FcgR-targeted antigen loading in conjunction with dsRNA- 
mediated immune modulation. J. Immunol . 176:1363-1374. 



58. Caprio- Young, J., J. J. Bell, H-H. Lee, J. S. Ellis, D. M. Nast, G. Sayler, B. Min, and H. 
Zaghouani. (2006). Neonatally Primed Lymph Node but not Splenic T Cells Display a 
Gly- Gly Motif Within the T Cell Receptor Beta Chain Complementarity Determining 
Region 3 (CDR3) That Controls Affinity and Lymphoid Organ Retention. J. Immunol. 
176:357-364. 



57. Yu, P., R. K. Gregg, J. J. Bell, J. S. Ellis, R. Divekar, H-H Lee, R. Jain, H. Waldner, J. 
C. Hardaway, M. Collins, V. K. Kuchroo, and H. Zaghouani . (2005). Specific T 
regulatory cells (Tregs) display broad suppressive functions against experimental 
allergic encephalomyelitis upon activation with cognate antigen. J. Immunol. 174:6772- 
6780. 



56. Gregg, R. K., J. J. Bell, H-H. Lee, R. Jain, S. J. Schoenleber, R. Divekar, and H. 
Zaghouani (2005). IL-10 diminishes CTLA-4 expression on islet-resident T cells and 
sustains their activation rather than tolerance. J. Immunol. 174:662-670. 



55. Gregg, R. K., R. Jain, S. J. Schoenleber, R. Divekar, J. J. Bell, H-H. Lee, P. Yu, and 
H. Zaghouani. (2004). A sudden decline in active membrane-bound TGFp impairs both 
T regulatory cell function and protection against autoimmune diabetes . J. Immunol. 
173:7308-7316. 
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54. Li, L, H-H. Lee, J. J. Bell, R. K. Gregg, J. S. Ellis, A. Gessner, and H. Zaghouani. 
(2004). IL-4 Utilizes an Alternative Receptor to Drive Apoptosis of Th1 Cells and 
Skews Neonatal Immunity Towards Th2. Immunity. 20: 429-440. 

53. Bell, J. J., B. Min, R. Gregg, H-H. Lee, and H. Zaghouani . (2003). Break of neonatal 
Th1 tolerance and exacerbation of experimental allergic encephalomyelitis by 
interference with B7 costimulation. J. Immunol. 171:1801-1808. 

52. Legge, K. L., Gregg, R. K. Maldonado-Lopez, R., Li, L., Caprio, J. C, Moser, M., and 
Zaghouani. H. (2002). On the role of dendritic cells in peripheral T cell tolerance and 
modulation of autoimmunity. J. Exp. Med. 196:217-227. 



51 Pack, C. D., Cestra, A. E., Min, B., Legge, K. L., Li, L., Caprio, J. C, Bell, J. J., Gregg, 
R. K., and Zaghouani, H. (2001). Neonatal exposure to antigen primes the immune 
system to develop responses in various lymphoid organs and promotes bystander 
regulation of diverse T cell specificities. J. Immunol. 167:4187-4195 



50. Li, L., Legge, K. L, Min, B., Bell, J. J, Gregg, R., Caprio, J. and Zaghouani, H . (2001). 
Neonatal immunity develops in a transgenic TCR transfer model and reveals a 
requirement for elevated cell input to achieve organ-specific responses. J. Immunol. 
167:2585-2594 

49. Min, B., Legge, K. L., Li, L, Caprio, J. C, Gregg, R. K., Bell, J. J., and Zaghouani. H. 
(2001). Defective expression of CD40L undermines both IL-12 production by antigen 
presenting cells and up-regulation of IL-2 receptor on splenic T cells and perpetuates 
INFy-dependent T cell anergy. J. Immunol. 166:5594-5603 

48. Day, R. B., Okada, M„ Ito, Y., Tsukada, K., Zaghouani. H„ Shibuya, N„ and Stacey, G. 
(2001). Binding site of chitin oligosaccharides in the soybean plasma membrane. Plant. 
Phvs. 126:1-12. 



47. Legge, K. L., Min, B., Caprio, J. C, Li, L., Gregg, R. K., Bell, J. J., and Zaghouani, H. 
(2000). Coupling of peripheral tolerance to endogenous IL-10 promotes effective 
modulation of myelin-activated T cells and ameliorates experimental allergic 
encephalomyelitis. J. Exp. Med. 191 :2039-51 . 

46. Anderson, A. C, Nicholson, L. B., Legge, K. L., Turchin, V., Zaghouani. H ., and 
Kuchroo, V. K. (2000). High frequency of auto-reactive myelin proteolipid protein (PLP)- 
specific T cells in the periphery of naTve mice: mechanisms of selection of the self- 
reactive repertiore. J. Exp. Med. 191 :761-770. 

a) 

45. Min, B., Legge, K. L., Caprio, J. C, Li, L., Gregg, R., and Zaghouani. H . (2000). 
Differential control of neonatal tolerance by antigen dose versus extended exposure and 
adjuvant. Cell. Immunol. 200 :45-55. 

44. Legge, K. L., Min, B„ Pack, C. D., Caprio, J. C, and Zaghouani. H. (1999). Differential 
ll 



presentation of an altered peptide within fetal central and peripheral organs supports an 
avidity model for thymic T cell development and implies a peripheral re-adjustment for 
activation. J. Immunol. 162:5738-46. 



43. Min, B., Legge, K. L, Pack, C. D. and Zaqhouani. H . (1998). Neonatal exposure to a self 
peptide-lg chimera circumvents the use of adjuvant and confers resistance to 
autoimmune disease by a novel mechanism involving IL-4 lymph node deviation and 
INFy-mediated splenic anergy. J. Exp. Med. 188:2007-17. 



42. Legge, K. L, Min, B., Cestra, A.E., Pack, C. D., and Zaghouani, H. (1998). T cell 
receptor agonist and antagonist exert in vivo cross-regulation when presented on 
immunoglobulins. J. Immunol. 161:106-11. 



41. Legge, K. L., Min, B., Potter, NT., and Zaghouani. H. (1997). Presentation of a T cell 
receptor antagonist peptide by immunoglobulins ablates activation of T cells by a 
synthetic peptide or protein requiring endocytic processing. J. Exp. Med. 185:1043-53. 



40. Brumeanu, T-D, Dehazya, P., Wolf, I., Bot, A., Bona, C, and Zaghouani, H . (1996). 
Engineering of double antigenized Igs carrying B and T cell epitopes. 
Immunotechnology 2:85-95. 



39. Brumeanu, T-D., Zaghouani. H.. and Bona, C. (1995). Purification of antigenized 
immunoglobulins derivatized with monomethoxypolyethylene glycol. J. Chromatoax. 
696:219-25. 



38. Brumeanu, T-D., Zaghouani, H ., Elahi, I., Daian, C. and Bona, C. (1995). Derivatization 
with monomethoxypolyethylene glycol of Igs expressing viral epitopes obviates adjuvant 
requirement. J. Immunol. 154:3088-95. 



37- Zaghouani, H „ Anderson, S., Sperber, K. E., Daian, C, Kennedy, R. C, Mayer, L. and 
Bona, C. (1995). Induction of antibodies to the human immunodeficiency virus type 1 by 
immunization of baboons with immunoglobulin molecules carrying the principal 
neutralizing determinant of the envelope protein. Proc. Natl. Acad. Sci.USA . 92:631-35. 



36. Bona, C, Brumeanu, T-D and Zaghouani. H . (1994). Immunogenicity of microbial 
peptides grafted in self immunoglobulin molecules. Cell. Mol. Biol . 40 (suppl):21-30. 
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35. Brumeanu, T-D., Swiggard, W. J., Steinman, R. M., Bona, C, and Zaqhouani, H . (1993). 
Efficient loading of identical peptide onto class II molecules by antigenized 
immunoglobulin and PR8 virus. J. Exp. Med. 178:1795-99. 



34. Brumeanu, T-D., Kohanski, R., Bona, C, and Zaqhouani, H. (1993). A sensitive method 
to detect defined peptide among those eluted from murine MHC class II molecules. J. 
Immunol. Meth . 160:65-71. 



33. Kuzu, Y., Kuzu, H., Zaqhouani. H ., and Bona, C. (1993). Priming of CTLs at various 
stages of ontogeny with transfectoma cells expressing a chimeric Ig heavy chain gene 
bearing an influenza virus nucleoprotein. International. Immunol . 5:1301-07. 



32. Zaqhouani. H .. Kuzu, Y., Kuzu, H., Swigard, W., Steinman, R., and Bona, C. (1993). 
Contrasting efficacy of presentation by major histocompatibility complex class I and 
class II products when peptides are administered within a common protein carrier, self 
immunoglobulin. Eur. J. Immunol. 23:2746-50. 

31. Penney, C. L, Ethier, D., Dionne, G., Nixon-George, A., Zaqhouani, H .. Michon, F., 
Jennings, H., and Bona, C. (1993). Further studies on the adjuvanticity of stearyl 
Tyrosine and ester analogues. Vaccine. 11:1129-1134. 

30. Kuzu, H., Kuzu, Y., Zaqhouani. H .. and Bona, C. (1993). In-vivo priming effect during 
various stages of ontogeny of an influenza virus nucleoprotein derived peptide. Eur. J. 
Immunol. 23:1397-1400. 

29. Zaqhouani, H ., Steinman, R., Nonacs, R.,. Shah, H., Gerhard, W. and Bona, C. (1993). 
Efficient presentation of a viral T helper epitope expressed in the CDR3 region of a self 
immunoglobulin molecule. Science . 259:224-27. 

28. Shengqiang, L, Polonis, V., Isobe, H., Zaghouani, H., Guinea, R., Moran, T., Bona, C, 
and Palese, P. (1993). Chimeric influenza virus induces neutralizing antibodies and 
cytotoxic T cells against human immunodeficiency virus type 1 . J. Virol. 67:6659-66. 



27. Hall, B., Zaqhouani. H .. Daian, C. and Bona, C. (1992). A single amino acid mutation in 
CDR3 of the 3-14-9 light chain abolished expression of the IDA 10 defined idiotype and 
antigen binding. J. Immunol. 149:1605-12 

26. Nixon, A., Zaqhouani, H ., Penney, C. L, Lacroix, M., Dionne, G., Anderson, S., 
Kennedy, R. C. and Bona, C. A. (1992). Adjuvanticity of stearyl tyrosine on the antibody 
response to peptide 503-535 from HIVgp160. Viral. Immunol . 5:141-50 
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25. Zaqhouani, H ., Krystal, M., Kuzu, H., Moran, T„ Shah, H., Kuzu, Y., Schulman, J. and 
Bona, C. (1992). Cells expressing a heavy chain immunoglobulin gene carrying a viral T 
cell epitope are lysed by specific cytolytic T cells. J. Immunol. 148:3604-09. 

24 - Zaghouani, H „ Goldstein, D., Shah, H., Anderson, S., Lacroix, M., Dionne, G., Kennedy, 
R. C. and Bona, C. (1991). Induction of antibodies to the envelope protein of the human 
immunodeficiency virus by immunization with monoclonal anti-idiotypes. Proc. Natl. 
Acad. Sci. USA. 88:5645-49. 

23. Kaushik, A., Mayer, R., Fidanza, V., Zaghouani, H., Lim, A., Bona, C. and Dighiero, G. 
(1990). LY-1 and V-gene expression among hybridomas secreting natural autoantibody. 
J. Autoimmunity. 3:687-700. 

22. Mayer, R., Zaqhouani, H .. Usuba, O. and Bona, C. (1990). The LY-1 gene expression in 
murine hybridomas producing autoantibodies. Autoimmunity. 6:293-305. 

21. Bonilla, F. A., Zaqhouani. H .. Rubin, M. and Bona, C. (1990). VK gene usage, idiotype 
expression, and antigen binding among clones expressing the VHX24 gene family 
derived from naive and anti-id immune Balb/c mice. J. Immunol. 146:616-22. 

20. Fidanza, V., Mayer, R., Zaqhouani. H .. Diliberti, M. A., and Bona, C. (1990). 
Autoantibodies, LY-1 and immunoglobulin V gene expression in hybridomas obtained 
from young and old NZB mice. Arthritis & Rheumatism . 33:711-23. 

19- Zaqhouani. H .. Bonilla, F. A., Meek, K. & Bona, C. (1989). Molecular basis for 
expression of the A48 regulatory idiotype on antibodies encoded by immunoglobulin 
variable region genes from various families. Proc. Natl. Acad. Sci. USA . 86:2341-45. 

18. Zaghouani, H ., Fidanza, V. and Bona, C. (1989). The significance of idiotype-anti-idiotype 
interactions in the activation of self reactive clones. Clin. Exp. Rheumatology . 7/S-3:S19- 



17. Pinter, A., Honnen, W. J., Tilley, S. A., Bona, C, Zaghouani. H .. Zolla-Pazner, S. and 
Gorny, M. (1989). Oligomeric structure of gp41, the transmembrane protein of human 
immunodeficiency virus type 1 . J. Virol. 63:2674-79. 

"16. Zaghouani. H .. Pene, J., Rousseau, V. and Stanislawski, M. (1988). A new strain 
specific cross-reactive idiotype with possible regulatory function expressed on Balb/c 
anti-a(1-3) dextran antibodies. J. Immunol. 140:3844-50. 

15. Zaghouani. H .. and Stanislawski, M. (1987). Regulation of the response to a(1-3) 
dextran: An anti-dextran associated idiotope of Balb/c mice is also expressed on A/J 
anti-NIP antibodies. Mol. Immunol. 24:1237-42. 

14. Bara, J., Gautier, R., Zaghouani. H. and Decans, C. (1986). Monoclonal antibodies 
against oncofetal mucin M1 antigens associated with precancerous colonic mucosae. 
Cancer Res . 46:3983-89. 

13. Pene, J., Rousseau, V., Zaghouani. H .. Paroutaud, P., Strosberg, D.and Stanislawski, 
M.(1986). Monoclonal anti-a(1-3) dextran antibodies of Igha Balb/c and lgh b C.B20 mice 
display striking similarities. J. Immunol. 137:2319-24. 
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12. Pene, J., Bekkoucha, F., Desaymard, C, Zaqhouani, H ., and Stanislawski, M. (1983). 
Induction of a cross-reactive idiotype dextran-positive antibody response in two lghC b 
mouse strains treated with anti-J558 cross-reactive idiotype antibodies. J. Exp. Med. 
157:1573-93. 



Book Chapters and Reviews 



11. Phillips W. J., D. J. Smith, C. A. Bona, A. Bot, and H. Zaqhouani . (2005). Recombinant 
immunoglobulin-based epitope delivery: a novel class of autoimmune regulators. 
Int Rev Immunol. 24:501-517. 

10. Legge, K. L, J. Jeremiah Bell, L. Li, R. Gregg, J.C. Caprio, and H. Zaqhouani. (2001). 
Multi-modal antigen specific therapy for autoimmunity. Intl. Rev. Immunol . 20: 593-61 1 . 

9. Min, B., Legge, K. L, Li, L, Caprio, J. C, Pack, C. D., Gregg, R., McGavin, D., 
Slauson, D., and Zaqhouani, H . (1999). Neonatal tolerant immunity for vaccination 
against autoimmunity. Intl. Rev. Immunol . 2000 : 247-264. 

8- Zaqhouani, H ., Kuzu, Y., Kuzu, H., Mann, N., Daian, C, and Bona, C. (1993). 
Engineered immunoglobulin molecules as vehicles for T cell epitopes. Int. Rev. Immunol . 
10:265-77. 



7. Zaohouani. H .. and Bona, C. (1992). Stimulation of lymphocytes by anti-idiotypes 
bearing the internal image of viral antigens. In T Lymphocytes Structure, Function, 
Choices ( eds, Celada, F., and Pernis, B). NATO ASI SERIES. Series A: Life Sciences 
233: 121-23. 

6. Zaqhouani, H ., Hall, B., Shah, H. and Bona, C. (1991). Immunogenicity of synthetic 
peptides corresponding to various epitopes of the human immunodeficiency virus 
envelope protein. In Adv. Exp. Med. Biol, (ed, Atassi, Z ). Plenum Press, New York. 303: 
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Table 1. Blood Glucose Levels (mg/dl) for Treated Mice 
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Table 2. Blood Glucose Levels (mg/dl) for Untreated Mice 
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Innocuous IFN7 induced by adjuvant-free 
antigen restores normoglycemia in NOD 
mice through inhibition of IL-17 production 

Renu Jain, 1 Danielle M. Tartar, 1 Randal K. Gregg, 1 Rohit D. Divekar, 1 
J.Jeremiah Bell, 1 Hyun-Hee Lee, 1 Ping Yu, 1 Jason S. Ellis, 1 
Christine M. Hoeman, 1 Craig L. Franklin, 2 and Habib Zaghouani 1,3 



The role of Th17 cells in type I diabetes (TID) remains largely unknown. Glutamic acid 
decarboxylase [GAD) sequence 206-220 [designated GAD2) represents a late-stage epi- 
tope, but GAD2-specific T cell receptor transgenic T cells producing interferon y (IFNy) 
protect against passive TID. Because IFN7 is known to inhibit Th17 cells, effective presen- 
tation of GAD2 peptide under noninflammatory conditions may protect against TID at 
advanced disease stages. To test this premise, GAD2 was genetically incorporated into an 
immunoglobulin (Ig) molecule to magnify tolerance, and the resulting lg-GAD2 was tested 
against TID at different stages of the disease. The findings indicated that lg-GAD2 could 
not prevent TID at the preinsulitis phase, but delayed TID at the insulitis stage. More im- 
portantly, lg-GAD2 sustained both clearance of pancreatic cell infiltration and p-cell 
division and restored normoglycemia when given to hyperglycemic mice at the prediabetic 
stage. This was dependent on the induction of splenic IFN7 that inhibited interleukin 
(ILJ-17 production. In fact, neutralization of IFN7 led to a significant increase in the frequency 
of Th17 cells, and the treatment became nonprotective. Thus, IFN-y induced by an adjuvant 
free antigen, contrary to its usual inflammatory function, restores normoglycemia, most 
likely by localized bystander suppression of pathogenic IL-17-producing cells. 
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Habib Zaghouani: 
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Abbreviations used: GAD. gluta 
acid decarboxylase; HEL, hen 
egg lysozyme; IAA, insulin au 

antibody; TID, type 1 diabete- 



Antigen-specific approaches have been defined 
that could prevent the development of type I 
diabetes (TID; for review see [1]). However, 
antigen-dnven strategies that could counter the 
disease at more advanced stages have yet to be 
defined (1). As with many autoimmune dis- 
orders, TID most likely involves multiple auto- 
antigens and diverse T cell specificities (2, 3). In 
addition, sequential spreading seems to orchestrate 
TID, with insulin being required for the initia- 
tion of the disease (4), whereas CAD-reactive 
T lymphocytes are more involved at later stages 
of TID (5, 6). Thus, for an antigen-specific 
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therapy to be effective and practical against TID, 
it would have to target late-stage epitopes that 
could counter diverse aggressive T cell speci- 
ficities. GAD2 peptide corresponding to amino 
acid sequence 206-220 of GAD is considered 
a late-stage epitope because its T cell reactivity is 
detected at an advanced stage of the disease (7). 
TOR transgenic T cells specific for GAD 2 pep- 
tide were generated, but these produced both 
IFN7 and IL-10 and were protective against 
TID when tested in a transfer model of passive 
diabetes (8). Given this information, we rea- 
soned that effective presentation of GAD2 pep- 
ride in vivo under noninflammatory conditions 
would possibly induce IFN-y- and IL-10-pro- 
ducing T cells that could protect against TID. 
Because IFN-y displays inhibitory activity against 
Thl7 cells (9, 10), the approach could prove 
effective even at an advanced stage of the disease 
if Thl7 cells play a pathogenic role in TID. To test 
these premises, GAD2 peptide was genetically- 
inserted into the variable region of a heavy chain 
Ig gene, and the fusion gene was transfected into 
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a myeloma B cell line along with the parental light chain gene 
for expression as a complete Ig-GAD2. Because Igs internalize 
into APCs via Fey receptor (FcyR), the grafted GAD2 pep- 
ride will be efficiently dragged into the cells, where it accesses 
newly synthesized MHC class II molecules, and presenta- 
tion will be significandy increased relative to free peptide, as 
was the case for other diabetogenic and encephalitogenic pep- 
tides (11-16). Moreover, because Igs are self-proteins, when 
injected into animals, presentation occurs without inflamma- 
tion, leading to lack of costimulation and magnification of 
tolerance (12-14). 

In an initial attempt, Ig-GAD2 was tested for prevention of 
TID before insulitis, but proved ineffective for delay of disease. 
However, when the treatment was adniinistered at the insulitis 
stage, protection against TID was observed. More importandy, 
Ig-GAD2 given to hyperglycemic mice at the prediabetic stage 
was highly effective, leading to clearance of pancreatic cell 
infiltration, stimulation of (3-cell division, and restoration of 
normoglycemia. Investigation of the mechanism underlying 
reversal of disease revealed the presence of splenic IFNy-pro- 
ducing GAD2-specific T cells that were, indeed, responsible 
for reversal of disease because neutralization of IFNy restored 
progression to overt diabetes. In parallel, the protected mice 
had reduced production of IL-17 cells in the spleen and pan- 
creas relative to diabetic mice, and exogenous IL-17 reinstated 
progression^ diabetes in the otherwise protected animals. 
Thus, splenic IFN7 likely interferes with supply of Thl7 to the 
pancreas, leading to clearance of islet infiltration, stimulation of 



RESULTS 

Treatment with lg-GAD2 restores normoglycemia 

The I-A B '-restricted diabetogenic GAD2 peptide was geneti- 
cally expressed on an Ig molecule, and the resulting Ig-GAD2 
was used to test against TID. Similarly, the nondiabetogenic 
I-A g7 -restricted hen egg lysozyme (HEL) 11-25 sequence 
was also incorporated in an Ig, and the resulting Ig-HEL was 
used as control (16). The chimeras were then tested for pre- 
sentation to a GAD2-specific T cell line. As indicated in Fig. 1, 
Ig-GAD2 was taken up by APCs, processed, and presented to 
GAD2-specific T cells much more efficiendy than free GAD2 
peptide (Fig. 1 A, B). The control Ig-HEL was unable to 
induce similar stimulation of the GAD2-specific T cells. Ig- 
GAD2 was then assayed for tolerogenic function by testing 
for prevention of TID in young NOD mice undergoing the 
initial phase of islet infiltration, which is referred to as the 
preinsulitis stage. The results in Fig. 1 C indicate that Ig- 
GAD2 had no significant long-term protective effect against 
TID relative to Ig-HEL or untreated mice. Knowing that 
insulin, but not GAD, is required for initiation of diabetes at 
the preinsulitis stage (4), the lack of protection might have 
been caused by the absence of activated GAD2-specific target 
T cells at this stage. We then tested Ig-GAD2 for suppression 
of diabetes at a later stage during insulitis. It has been shown 
that seroconversion to insulin autoantibody (IAA) production 
is indicative of ongoing insulitis (17, 18), and our own studies 
indicated that among the 83% of female NOD mice that se- 
roconvert to IAA at the age of 8-11 wk, 84% develop overt 



3 cell division, and re 



n of normoglycemia. 




Figure 1 . Ig-GAD2 treatment given at the insulitis-positive stage 
reverses T1 D. (A and B) Presentation of !g-6AD2 to T cells. NOD splenic 
APCs were incubated with free peptides (A) or Ig chimeras (B), and 1 h 
later GAD2-specific T cells were added. Activation was assessed by 
[ 3 H]thymidine incorporation. HEL peptide and Ig-HEL were included as 
negative controls, (C and D) Percentage of mice free of diabetes upon 
treatment with lg-GAD2 or the control Ig-HEL at the preinsulitis (C) and 
insulitis (D) stage, respectively. All mice were monitored for blood glucose 
from 12 to 30 wk of age. ", P < 0.05; **, P < 0.01 compared with untreated 
mice. A mouse is considered diabetic when blood glucose level is 2 300 
mg/dl for two consecutive weeks. An untreated group was included in all 
experiments for comparison purposes. At least 10 mice were included in 
each experimental group. 



Figure 2. Ig-GAD2 treatment given at the prediabetic stage re- 
verses T1 D. (A and B) Percentage of mice free of diabetes upon treat- 
ment with lg-GAD2 or the control Ig-HEL at the hyperglycemic stage for 
1 5 (A) or 25 wk (B). Arrows indicate the beginning and end of treatment. 
(Cand D) Individual blood glucose levels of lg-GAD2 treated mice are 
shown from the week of diagnosis of hyperglycemia up to 52 or 56 wk of 
age for 15 (C) and 25 wk (D) treatment regimens. Each dot represents a 
different mouse. A mouse is considered hyperglycemic or diabetic when 
blood glucose level is between 160-250 or > 300 mg/dl for two consecu- 
tive weeks, respectively. The shaded area indicates the hyperglycemic 
range of blood glucose levels and the line depicts the diabetic level. 
An untreated group was included in all experiments for comparison purposes. 
At least 10 mice were included in each experimental group. 
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diabetes (16). Ig-GAD2 was then tested for delay of TID 
upon IAA-seroconversion. An initial regimen consisting of 
300 ug ofIg-GAD2 at week 1, 2, and 3 upon IAA serocon- 
version indicated that 50% of mice were protected against 
diabetes up to 30 wk of age (unpublished data). This was 
promising, as the same regimen did not protect at the prein- 
sulitis stage, and it prompted us to test a prolonged regimen 
for suppression of diabetes. As indicated in Fig. 1 D, adminis- 
tration of Ig-GAD2 into insulitis-positive (IAA + ) mice de- 
layed TID, and most of the animals (7 out of 10) remained 
free of disease by week 30 of age. Ig-HEL-treated animals, 
like the untreated group, were not significantly protected 
(Fig. 1 D). These results indicate that Ig-GAD2 protects 
against TID at a later, rather than earlier, stage of the disease. 
We then evaluated Ig-GAD2 at the more advanced hypergly- 
cemic stage. Accordingly, blood glucose levels were moni- 
tored beginning at week 12 of age, and mice displaying 
hyperglycemia between the ages of 14 to 30 wk were sub- 
jected to a daily injection of Ig-GAD2 for 5 d, and then a 
weekly injection for either 15 or 25 wk. The results show diat 
90% of the mice under the 15-wk Ig-GAD2 regimen were 
protected against diabetes throughout the 15 wk of treatment 
(Fig. 2 A). However, only 60% of the mice remained disease- 
free for the 10 wk after cessation of treatment. Untreated and 



Ig-HEL recipient mice became diabetic by the fifth week of 
hyperglycemia. When the regimen was extended to 25 wk, 
100% of the Ig-GAD2-cxeated animals were protected (Fig. 
2 B), and normoglycemia was restored in all mice. This status 
persisted throughout the duration of the study (mice aged 
52-56 wk). The weekly blood glucose level of individual 
mice shows a consistent pattern of return to normoglycemia 
for 6 out of 10 mice in the 15-wk treatment regimen, and 
all 10 animals in the 25-wk regimen (Fig. 2, C and D). A 
detailed description of the day of onset, as well as the level of 
blood glucose at the beginning and termination of the hyper- 
glycemic treatment regimen, is provided in Table I. These 
results demonstrate that protection against the disease by Ig- 
GAD2 occurs at the onset of insulitis, whether this manifests 
at an early or an older age. Overall, this antigen-specific sin- 
gle-epitope therapy by Ig-GAD2 restores normoglycemia 
in prediabetic mice, a stage at which GAD2-specific T cells 
could be targeted. 

Treatment with lg-GAD2 increases the number of healthy 
pancreatic islets 

To determine whether the restoration of normoglycemia 
by Ig-GAD2 is caused by interference with cell infiltration, 
the mice were subjected to histopathologic analysis upon 



Table I. Blood glucose (BG) level at the onset of hyperglycemia and at termination of treatment regimen' 



Mouse ID Age at onset of hyperglycemia (wk) Blood glucose level before Blood glucose level after 

treatment (mg/dl) 1 ' termination of treatment (mg/dl) 5 



15-wk treatment regimen 










106.1 




30 


161 


133 


106.7 




30 


165 


113 


119.2 




30 


180 


285" 


119.8 




26 
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112 


119.9 




28 
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128 
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12 


250 
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191.2 




18 
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99 
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16 


160 
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22 


222 
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25-wk treatment schedule 










220,1 
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24 


174 


120 


206.2 




24 


231 


121 


203.1 




24 
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110 


232.3 




20 


173 


140 
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14 


185 
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26 
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completion of the treatment regimen. As indicated in Fig. 3, 
most of the islets in hyperglycemic and diabetic mice exhibited 
intrainsLukis (Fig. 3 A, 1, 2, and 3), the majority of islets in 
treated mice were not inflamed (Fig. 3 A, 4) or had only mild 
periinsulitis (Fig. 3 A, 5 and 6). Moreover, enumeration of 
the islets indicated that the treated animals had a significantly 
greater number of total islets than the hyperglycemic or dia- 
betic mice (Fig. 3 B). The number of insulin-positive islets 
also increased from 14 per pancreas at the prediabetic (hyper- 
glycemic) stage to 29 per pancreas upon treatment with Ig- 
GAD2. Also, the 15-wk group had a higher number of islets 
with periinsulitis (38 vs. 30%) or no insulitis (35 vs. 17%) rel- 
ative to the hyperglycemic stage (Fig. 3 C). On the other hand, 
the number of islets with severe and mild intrainsuliris were 
reduced in the treated versus hyperglycemic mice (8 and 19% 



vs. 22 and 31%, respectively). Surprisingly, in the 25-wk treat- 
ment group, although the total number of islets was reduced 
to that of the hyperglycemic stage, most of these islets exhib- 
ited no insulitis (60%), periinsulitis (28%), or mild intrainsu- 
liris (12%; Fig. 3 C). Overall, the treatment with Ig-GAD2 
led to a significant increase in the number of noninflamed 
(healthy) islets. 

lg-GAD2-treated mice exhibit pancreatic p-cell division 

The increase in the number of healthy islets in the treated mice 
could be caused by regression of cell infiltration and/ or for- 
mation of new 3 cells. To address this premise, the treated mice 
were injected with the proliferation indicator BrdU and killed, 
and pancreatic sections were double stained with anti-insulin 
and -BrdU antibodies and analyzed for BrdU incorporation 




1 2 3 



Treated nondiabetic 




Hyper 15 wk Untreated Hyper 15 wk 25 wk 

-glycemic treated diabetic -glycemlc treated treated 



Figure 3. Ig-GAD2 treatment diminishes insulitis and increases the total number of islets. (A) Pancreatic histology. Four sections per pancreas 
(8 u-m thick each cut 100 u.m apart) from 5 hyperglycemic (A, 1 and 2), untreated diabetic (A, 3) or 15-wk lg-GAD2-treated nondiabetic (A, 4, 5, and 6) mice 
were stained with hematoxylin and eosin and analyzed at 400x magnification. For the hyperglycemic and untreated diabetic mice sections were made the 
second week of diagnosis. For the treated nondiabetic mice, histology was performed 7 wk after the last treatment. (B) Total islets per pancreas as deter- 
mined by hematoxylin and eosin staining from the three groups of mice described in A. Only structures with visible islet cells and incomplete infiltration 
were counted. (C) Islets from hyperglycemic, 15 and 25 wk lg-6AD2-treated mice were scored as described in Materials and methods, and the percent- 
ages represent the number of islets of a given score over the total number of islets from B. The sections were made at the time indicated in A, and 2 d 
after the last lg-6AD2 injection for the 25 wk-treated group. ~, P - 0.0001 for the total number of islets in 1 5 wk-treated versus hyperglycemic group. 
Error bars indicate the SD. Bars, 25 u,m. 
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and insulin production. BrdU staining was visible in the highly 
proliferative luminal intestinal cells used as control, but these 
had no staining with anti-insulin antibody (Fig. 4 A). Islets of 
nondiabetic 5-wk-old mice were positive for insulin, but did 
not incorporate BrdU, suggesting that these insulin-produc- 
ing P cells were not dividing (Fig. 4 B). Thus, under normal 
circumstances, insulin production emanates from existing 
P cells whose nuclei do not incorporate BrdU, giving a mini- 
mal number of BrdU/insulin double-positive (BrdUVinsulin*) 
3 cells (Fig. 4 E). The hyperglycemic mice showed very 
few insulin-producing p cells and no BrdU incorporation 
(Fig. 4 C), resulting in an insignificant number of BrdU*/ 
insulin* cells (Fig. 4 E) . In contrast, islets from the 25-wk treat- 
ment group showed insulin* P cells that were either BrdU - 
(residual P cells) or BrdU* (newly formed P cells; Fig. 4 D). 
Notably, the number of these insulin-producing dividing 
p cells was significandy increased in all 1 0 mice in which treat- 
ment restored normoglycemia (Fig. 4 E). Interestingly, the 
total number of dividing cells producing insulin (BrdU*/ 
insulin*) was low, and it may not solely account for the restora- 
tion of normoglycemia. BrdU~/insulin* residual islet cells, which 
amounted to 81 cells per pancreas, may have also contributed 
to the control of blood glucose levels, and these likely represent 
a combination of newly formed and residual P cells that 
were rescued by regression of infiltration. There was a mini- 
rnal number of dividing p cells (BrdUVinsulin*) in the normal 
and hyperglycemic groups, despite the presence of 927 and 
50 BrdU" /insulin* P cells, respectively. These results indicate 
that treatment with Ig-GAD2 reduces cell infiltration, leading 
to rescue of residual and formation of new P cells. 

lg-GAD2-treated mice produce protective I FN? 

Previous studies indicated that Ig-GADl, which is an Ig chi- 
mera carrying GAD524-543, and Ig-INSp carrying insulin 
9-23 aa residues induce T regulatory (T reg) cells and pre- 
vent T1D only when given in an aggregated, but not soluble, 
form (15, 16). This is because aggregated, but not soluble, Ig 
chimeras cross-link Fc-yR on APCs, induce IL-10 by the pre- 
senting cells, and expand T reg cells (15, 16). In this study, 
only soluble Ig-GAD2 was used for treatment. Despite the 
fact that soluble Ig-GAD2 does not induce the production by 
APCs of the T reg cell growth factor IL-10 (19) and is predicted 
not to expand T reg cells, it was tested for expansion of T 
reg cells in hyperglycemic mice before and after treatment 
with Ig-GAD2. The results indicated that the percentage of 
CD4*CD25*CD62L* and CD4*CD25*FoxP3 + T cells in 
the spleen, as well as in the pancreatic lymph nodes, were 
similar before and after treatment (Table II). This suggests 
that T reg cells play a minimal role in disease reversal by sol- 
uble Ig-GAD2. 

For Ig-GAD2 therapy, it is logical to contemplate that the 
resolution of the inflammatory infiltration is caused by mod- 
ulation of GAD2-reactive diabetogenic T cells. Because T1D 
is likely to involve multiple autoantigens, the restoration of 
normoglycemia would require modulation of diverse T cell 
specificities. Thus, the plausible hypothesis postulates that 



A D 




Figure 4. 0 Ceils from mice treated with lg-GAD2 incorporate 
BrdU. Mice (1C per group) were given 100 mg/kg BrdU i.p. and killed 3 h 
later. Sections of the small intestine or pancreas were stained with anti- 
insulin and -BrdU antibodies, and then analyzed for insulin production 
(blue cytoplasmic rim) and BrdU incorporation (red nuclei) at 400x mag- 
nification. Blue arrows indicate BrdU* cells, green arrows indicate insulin* 
cells, and red arrows indicate BrdU*/insulin* cells. Intestinal lumen (A) and 
fi cells (D) from mice recipient of the 25-wk lg-GAD2 regimen. (B) Beta 
cells from 5-wk-old nondiabetic NOD mice. (C) p Cells from hyperglyce- 
mic mice. (E) Total number of insulin'/BrdU* cells in nondiabetic (normal), 
hyperglycemic, and lg-GAD2-treated nondiabetic NOD mice. "**, P = 
0.0001, treated group compared with hyperglycemic group. Error bars 
indicate the SD of 10 pancreata. Bars: (A-C) 25 u.m; (D, left) 20 u.m; 
(D, right) 5 u.m D. 

recovery from the disease involved localized bystander sup- 
pression. To test this premise, the splenic cells from recovered 
mice were stimulated with GAD2 peptide and assessed for both 
suppressive and inflammatory cytokines. The results indicate 
that although no measurable IL-4 or TGFP was detected (not 
depicted), there was significant IFN7 and IL-10 production 
by these cells relative to the control HEL peptide (Fig. 5 A). 
Moreover, intracellular cytokine analysis of CD4 and Vp8.2 
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Table II. Reversal of TlD by lg-GAD2 does not significantly increase expression of phenotypic markers associated withTreg a 

CD4CD25~FoxP3* CD4»CD25*CD62L* 



i anti-CD4, -CD25, and -CD62L Of -FoxP3 antibody. The cells were 



T cells indicated that the majority of the T cells produced 
only IFN-y, with fewer cells stained positive for both IL-10 
and IFNy (Fig. 5 B). Indeed, upon stimulation with GAD2 
peptide, a significant increase (four- to sevenfold) in the number 
of CD4/V08.2 T cells producing IFN-y was observed in the 
Ig-GAD2-treated versus untreated mice. Because IL-10 is 
known for its anti-Thl suppressive function (20—22), we sus- 
pected that protection against the disease involves the func- 
tion of these IL-1 0/IFNy-producing cells. To our surprise, 
however, when in vivo cytokine neutralization was per- 
formed along with Ig-GAD2 treatment, the recovery persisted 



with anti-IL-10 treatment, but was nullified by removal of 
IFN-y (Fig. 5 C). Isotype-macched rat IgG had no effect on the 
disease (Fig. 5 C). These observations indicate that IFN-y, 
contrary to its well-defined inflammatory function, is likely 
involved in modulation of inflammation and restoration 
of nomioglycemia. 

Ig-6AD2 treatment interferes with IL-17 production 
in an IFNy-dependent fashion 

Thl 7 cells represent a newly defined subset of pathogenic 
T cells whose development can be facilitated by TGFfJ and 




Weeks post hyperglycemia 

Figure 5. Treatment with lg-GAD2 induces iFNy that sustains protection against diabetes. (A) Splenocytes from hyperglycemic mice recipient of 
the 25-wk lg-GAD2 treatment regimen were stimulated in vitro with GAD2 and the control HEL peptide and IFN7 and IL-10 were measured by ELISA as 
described in Methods. Diabetic as well as untreated hyperglycemic mice were included for control purposes. Each bar represents the mean ± SD of three 
independent experiments. *, P - 0.01 when stimulation by GAD2 is compared with HEL peptide. (3) Intracellular IL-10 and IFN-y production by splenic CD4 
(top) or Vp8,1/8.2 (bottom) T cells from the 25-wk-treated (right) and hyperglycemic untreated (left) mice. This was done by intracellular staining upon 
stimulation with GAD2 peptide, as indicated in the Materials and methods. Data are representative of three independent experiments. (C) Percentage of 
mice free of diabetes upon in vivo neutralization of IFN-y (left) or IL-10 (right) during treatment with lg-GAD2 at the hyperglycemic stage. Anti-IFN^ (R4- 
6A4), anti-IL-10 (JES5-2A5), or isotype control rat IgG were given to mice (500 pg/mouse per injection) i.p. every 3 d for 4 consecutive weeks, beginning 
with the first injection of Ig chimeras. The mice received a total of nine antibody injections. At least eight mice were included in each experimental group. 
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Figure 6. Neutralization of IFN-y during treatment with lg-GAD2 
restores IL-1 7 production. (A) IL-17 response from the splenocytes of 
preinsulitis (normal), insulitis-positive (IAA*), hyperglycemic, and diabetic 
mice upon in vitro stimulation with anti-CD3 antibody. Data are represen- 
tative of three independent experiments. ***, P = 0.0004, insulitis-positive 
versus normal; *, P = 0.02, hyperglycemic versus insulitis-positive; **, P - 
0.005, diabetic versus hyperglycemic group. IL-1 7 (B) and IFN-y (C) re- 
sponse from splenocytes of mice recipient of anti-IFN-y during treatment 
with lg-6AD2 at the hyperglycemic stage. Splenocytes were harvested 
when the mice became diabetic on the fourth week of treatment; they 
were stimulated in vitro with GAD2 peptide, and their responses were 
measured by ELISPOT and ELISA, respectively. Nil (diabetic) and lg-GAD2- 
treated groups were included as controls. Data are representative of three 
independent experiments, t P - 0.01, treated versus nil group; H P = 
0.001 , lg-GAD2 + anti-IFN-y versus lg-GAD2 group, t, P = 0.04, lg-GAD2 
versus nil group; +, P = 0.02, lg-GAD2 + anti-IFN-y versus lg-GAD2 group. 
(D) Percentage of mice free of diabetes upon administration of recombi- 
nant IL-1 7 or neutralization of both IFN7and IL-17 during treatment 
with lg-GAD2 atthe hyperglycemic stage. IL-17 was administered (1 ug/ 
mouse per injection) i.p. daily for 5 consecutive days, beginning with the 
first injection of lg-GAD2. Subsequently, the mice received an injection 
of rlL-17 every week, along with lg-GAD2. An injection of anti-IFN-y 
(R4-6A4; 500 ug/mouse) and anti-IL-17 (TC11-18H10; 200 ug/mouse) was 
given on the first day of treatment with lg-GAD2 after diagnosis of 
hyperglycemia. Four additional injections were given at 4-d intervals. 
At least eight mice were included in each experimental group. (E and F)Th17- 
polarized cells induce diabetes. (E) IL-17 (left) and IFN7 (right) responses 
from the nonpolarized and Thl 7 polarized splenocytes were measured 
by ELISA. Each bar represents the mean ± SD of triplicate wells. (F) 
Percentage of mice free of diabetes upon adoptive transfer of 10 x 10 6 
naive, nonpolarized and Th17-po!arized cells in NOD.scids (4-6 wkoid). 
Additional groups received IL-17 neutralizing antibody, along withTM7- 
polarized and nonpolarized cells for control purposes. Anti-IL-17 antibody 
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IL-6 or interfered with by IFNy or IL-27 (9, 10, 23-26). 
Because Ig-GAD2 treatment induces IFNy, we sought to 
determine whether restoration of normoglycemia involves 
interference with IL-17 production.- Accordingly, we began 
by assessing whether IL-17 is produced by NOD T cells, and 
followed the pattern of its secretion during disease progres- 
sion. Fig. 6 A shows that stimulation with anti-CD3 antibody 
did not induce measurable IL-17 by splenocytes from normal 
4-wk old mice. However, IL-17 was evident upon IAA-sero- 
conversion and increased significantly when the mice pro- 
gressed to hyperglycemia and diabetes. The treatment with 
Ig-GAD2 at the hyperglycemic stage significandy reduced 
the frequency of GAD2-specific IL-17-producing cells as 
measured by spot formation (Fig. 6 B). However, neutraliza- 
tion of IFN-y by administration of anti-IFNy antibody along 
with Ig-GAD2 restored even higher frequency of Thl 7 cells. 
This Thl 7 restoration is likely caused by complete neutral- 
ization oflFNy because IFNy-producing Thl cells could 
not be detected by ELISPOT (not depicted) and no measur- 
able IFNy cytokine was found by ELISA (Fig. 6 C). It is thus 
likely that the restoration of diabetes by neutralization of 
IFNy during treatment with Ig-GAD2 (Fig. 5 C) is caused by 
restoration of Thl7. In fact, administration of rIL-17 along 
with Ig-GAD2 treatment nullifies tolerance and restores dia- 
betes (Fig. 6 D). Moreover, administration of both anti-IFNy 
and -IL-17, but not anti-IFNy and rat IgG, simultaneously 
protects against T1D (Fig. 6 D), further confirming the inter- 
play between IFNy and IL-1 7. To ensure that Thl7 cells can 
be diabetogenic, we chose the BDC2.5 TCR. transgenic T cells 
(27) for polarization with anti-CD3 and -CD28 antibodies 
and tested for transfer of diabetes into NOD.scid mice. The 
rationale for this choice instead of lg-GAD2-induced Thl7 
cells lies in the fact that the BDC2.5 cells are well character- 
ized and represent a homogeneous population in which the 
number of cells to be transferred can be precisely controlled. 
In addition, the Ig-GAD2/NOD model represents a polyclonal 
system in which the different subsets of T cells cannot be 
separated. Thus, BDC2.5 T cells were stimulated widi anti-CD3 
and -CD28 antibodies in the presence or absence of Thl7 
polarizing factors, and the cells were tested for transfer of dia- 
betes into NOD.scid mice. 

As indicated in Fig. 6 E, the Thl7-polarized cells had en- 
hanced levels of IL-17 compared with nonpolarized cells, but 
no measurable IFNy, whereas nonpolarized cells produced 
significant IFNy. These results indicate that the polarization to 
Thl7 was significant under the chosen conditions. Further- 
more, when the polarized cells were transferred into NOD.scid 
mice, diabetes manifested within 16 d after transfer, as with 
activated, but not polarized, T cells (Fig. 6 F). Diabetes did not 
occur when the transfer was made with naive BDC2.5 cells. In 
addition, when IL-17 was neutralized by injection of anti-IL-17 



(TC11-18H10; 200 pg/mouse) was given on the day of transfer, a 
additional injections were given at day 4 and 16 after transfer. 
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antibody in the mice recipient of Thl7-polarized cells, the 
disease did not manifest. However, neutralization of IL-17 did 
not protect against diabetes transferred by nonpolarized cells. 
These results indicate that Thl7 cells producing IL-17 can 
transfer diabetes into naive mice. The results are thus inter- 
preted to indicate that Ig-GAD2 mobilizes IFN-y-producing 
splenic Thl cells that interfere with IL4 7-producing diabeto- 
genic lymphocytes to reduce inflammation, sustain islet for- 
mation, and restore normoglycemia. 

Treatment with lg-GAD2 sustains long-lasting production 
of IFN7 in the spleen and nullifies IL-17 in the pancreas 

At the hyperglycemic stage, most of the pathogenic T cells 
likely reside in the pancreas as differentiated cells that have 
already been exposed to antigen (28, 29). Because IFN-y has 
been suggested to interfere with the differentiation of naive 
cells into Thl7 (9, 10), it is likely that IFM7 Thl cells operate 
their interference with Thl 7 in the spleen or pancreatic 
lymph nodes rather than the pancreas. Analysis of the dynam- 
ics of both populations at the beginning, as well as at the end, 
of Ig-GAD2 treatment indicated that during the initial phase 
of hyperglycemia, IFN-y-producing Thl cells are mosdy lo- 
cated in the spleen (Fig. 7 A), whereas Thl7 cells reside in 
die pancreas (Fig. 7 D). However, at the end of the treatment, 
Thl cells remain in the spleen (Fig. 7 C), whereas Thl7 cells are 
undetectable in any organ (Fig. 7 D). These results suggest that 
Ig-GAD2 induces IFN7 in the spleen, which likely interfere 
with differentiation of naive cells into Thl7 cells, resulting in a 
diminished supply of these cells to the pancreas. 

DISCUSSION 

Treatment with anti-CD3 antibody alone has been shown to 
reverse diabetes, but disease reoccurrence has been observed 
(30-32). This justifies the search for new strategies, and the 
combination of anti-CD3 antibody with antigen-specific 
therapy did overcome rebounding of disease (33). Because T1D 
involves multiple autoanrigens that likely manifest their activities 
at different stages of the disease, it has been difficult to define 
antigen-based regimens that could reverse the disease process 
at an advanced stage (1). Because Igs have proven powerful for 
enhancing tolerogenic function of peptides (12, 16) and GAD2 
peptide was defined as a late-stage protective epitope (5-8), 
we incorporated GAD2 peptide onto an Ig molecule and 
tested the resulting Ig-GAD2 for protection, as well as reversal 
of advanced T1D process. Surprisingly, Ig-GAD2 was not 
protective at the preinsulitis stage (Fig. 1 C), but delayed the 
disease when it was administered upon IAA seroconversion 
(Fig. 1 D) (14). This differentia] efficacy may be related to de- 
layed spreading of GAD2-specific T cells that become available 
for targeting at an advanced stage of the disease (7). This 
has prompted us to test for reversal of T1D at the prediabetic 
stage, when blood glucose has reached an abnormal level. 
Again, Ig-GAD2 was able to restore long-lasting normo- 
glycemia in most of the animals (Fig. 2, A and C), and when the 
regimen was extended to 25 wk (Fig. 2, B and D) all mice 
were protected. To date, we have tested >30 mice with 




Figure 7. Splenic IFN7 induced by lg-6AD2 treatment diminishes 
splenic and pancreatic IL-17 causing reversal of diabetes. IFN7 and 
IL-17 cytokine responses of splenic, pancreatic, and pancreatic lymph 
node cells from mice treated with lg-GAD2 for 1 wk (A and B) or 25 wk 
(C and D) starting from the week of hyperglycemia diagnosis. The cells were 
stinj ated with GAD2 peptide, and the responses were measured by ELISA 
for IFN-y and EUSPOTfor IL-17, as indicated in Materials and methods. 
Each bar represents the mean ± SD of two independent experiments. 

the 25-wk regimen and all animals maintained normoglyce- 
mia until they were terminated at 52 or 56 wk of age for 
other use. At the histology level, the 15-wk regimen reduced 
infdtration, and this was accompanied by an increase in the 
total number of islets relative to the beginning of the treat- 
ment (Fig. 3 B). However, with the 25-wk regimen, the 
number of islets dropped back to where it was at the hyper- 
glycemic stage, but the majority of these were healthy islets. 
We believe that both eradication of infiltration from slightly 
infiltrated islets as well as formation of new islets were part of 
the repair process. The initial increase and the return of the 
number of islets may reflect dynamics in which new islets 
were formed while severely infiltrated islets were eliminated 
and those mildly infiltrated were cleaned up. This is drawn 
from Fig. 3 C, which illustrates the evolution of status and 
number of islets during the treatment and is supported by the 
BrdU incorporation observed with insulin-producing fi cells 
(Fig. 4). There was, in fact, a substantial increase of dividing 
cells that were simultaneously producing insulin, in addition 
to cells that were producing insulin without evidence of divi- 
sion (Fig. 4). The formation of new islets has been reported 
before, but whether these are the product of stem cells matu- 
ration, origination from splenic cells, or division of residual 
P cells remains unknown (34-38). It has been shown that phys- 
ical damage of islets stimulates (3 cell division (38). In Ig- 
GAD2-treated mice, upon clearance of inflammatory cells the 
damaged islets may likewise spontaneously initiate division of 
(3 cells, However, given that exogenous compounds such as 
CPA (35-37) and now Ig-GAD2 allow for P cell division, it may 
be that clearance of inflammatory cells minimizes cell divi- 
sion inhibitory factors, leading to proliferation of residual P 
cells or differentiation of P cell progenitors. The precise mecha- 
nism underlying 3 cell proliferation is of great interest, and 
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effort is being made to determine how Ig-GAD2 leads to (3 
cell division. What is important here is that a single-epitope 
treatment could lead to eradication of infiltration involving 
diverse T cell specificides. One has to assume that there must 
be at least a local bystander suppression that targets GAD2- 
specific T cells and unrelated neighboring cells. When the mice 
treated with Ig-GAD2 were tested for cytokine producdon, 
we expected to see suppressive or Th2-associated cytokines, 
which usually drive bystander suppression. The results, how- 
ever, showed that there was IL-10 producdon, but drat this was 
accompanied by IFNy (Fig. 5). The other surprise was that 
neutralization of IFNy, but not IL-10, nullifies the therapeutic 
action of Ig-GAD2 and restores diabetes (Fig. 5). These findings 
provide support to prior observations showing that TCR trans- 
genic IFNy-produring GAD2-specific T cells prevent the onset 
of diabetes in an animal model of disease transfer (8). The 
question then is how can a well-defined inflammatory cyto- 
kine such as IFN"/ mediate suppression of diabetes, which 
likely involves diverse T cell specificities? Given the recent 
observations indicating that IFNy could interfere with differ- 
entiation of naive cells into Thl7 (9, 10), and that IL-17, which 
is the product of Thl7, displays pathogenic functions (39), 
we sought to test whether progression to diabetes involves 
die activity of Thl7 and if so whether creacrnent with Ig-GAD2 
affects these pathogenic T cells. Indeed, an increase of IL-17 
was observed in NOD mice as diey progressed toward dia- 
betes (Fig. 6 A), and treatment with Ig-GAD2 reduced the 
frequency of IL-17-producing Thl7 cells (Fig. 6 B). However, 
neutralization of IFNy by anti-IFN-y antibody restored IL-17 
production (Fig. 6 B). In support of this Ig-GAD2-induced 
IFN-y/IL-17 interplay is the observation that administration 
of rIL-17 with Ig-GAD2 nullified the therapeutic effect of 
Ig-GAD2. Also, neutralization of both IFN-/ and IL-17 sup- 
port protection, further justifying the IFNy/IL-17 interplay. 
Moreover, polarized DDC2.5 Thl7 cells transferred diabetes 
to NOD.scid mice, and neutralization of IL-17 inhibited 
such disease transfer (Fig, 6 F). Finally, IFNy is mostly pro- 
duced in the spleen, which provides a noninflammatory envi- 
ronment (Fig. 7, A and B) and likely acts to inhibit differentiation 
of naive cells into Thl7 in this organ, leading to a diminished 
supply of pathogenic Thl7 cells into the pancreas. In fact, upon 
treatment with Ig-GAD2, Thl7 cells become undetectable in 
the spleen or pancreas, whereas IFNy remained significant in 
the spleen to sustain a long-lasting inliibition of Thl7 differ- 
entiation (Fig. 7, C and D). It is known that IFNy signaling 
through IFNy receptor (IFNyR), in conjunction with other 
inflammatory cytokines, interferes with P cell growth and in- 
duces apoptosis (40, 41). In the Ig-GAD2 treatment, the fact that 
IFNy is produced in the spleen may play dual beneficial roles. 
It inhibits differentiation of pathogenic Thl7 cells, allowing 
for clearance of infiltration and termination of islet inflamma- 
tion and by being away from the islets its interference with 
P cell growth and death is prevented, hence proliferation of 
P cells. This also provides support to the dual pathogenic/ 
protective role IFNy plays in diabetes, which likely depends 
on the site of production and T cell differentiation (42). 
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In fact, this goes well with the observation that neutralization of 
IL-17 did not protect against diabetes transferred by IFNy- 
producing Thl BDC2.5 cells, as these lymphocytes could 
home to the pancreas, where their IFNy drives apoptosis of 
P cells (Fig. 6, E and F). 

Overall, we suggest that adjuvant-free Ig-GAD2 induced 
the production of IFNy in a noninflamed lymphoid organ, 
leading to inhibition of differentiation of naive cells into Thl7 
cells, culminating in diminished infiltration, formation of P 
cells and reversal of the diabetic pre jcess. The presence of IFNy 
would inhibit differentiation of neighboring naive cells, thus 
suppressing diverse T cell specificities. For effective bystander 
suppression to occur, it may be that Thl cells migrate to the 
PLN and inhibit differentiation of diverse T cells into Thl7 
cells. However, because Thl cell were not detected in this 
organ, the likely alternative is that APCs loaded with P-cell 
antigens circulate from the pancreas to the spleen and subject 
diverse T cells to inhibition of differentiation by local IFNy- 
producing GAD2-specific Thl cells. Administration of exog- 
enous IFNy may protect against diabetes if targeted to the 
site of T cell differentiation during antigen stimulation, but 
away from the islets. It is also important to mention that the 
regimen is effective at late stages, but not before insulins, pos- 
sibly because availability of GAD2-specific T cells and pro- 
duction of IFNy are delayed. In fact, Ig-INSP was able to 
delay the disease when given at the preinsulitis stage (1 6), but was 
unable to counter the disease once the mice had progressed 
to the hyperglycemic stage (not depicted). Again, this supports 
the dynamics of different epitopes during disease initiation 
and progression. 

Collectively, the findings suggest that this antigen-specific 
immunomodulation targets diverse pathogenic T cells to halt 
inflammation and drive an islet repair process that restores 
long-lasting normoglycemia. 

MATERIALS AND METHODS 
Mice 

NOD (H-2« 7 ), NOD.BDC2.5, and NOD.scid mice were used according 
:o the guidelines of the University of Missouri Columbia Animal Care and 
Use Committee. 

Peptides 

All peptides used in this study were purchased 60m Merabion and purified by 
HPLC to >90% puriry. Glutamic acid decarboxylase 2 (GAD2) peptide corre- 
sponds to aa residues 206-220 (TYEIAPVFVLLEYVT) of CAD-65 (7). Hen 
egg lysozyme (HEL) peptide encompasses a nondiabetogenic epitope corre- 
sponding to aa residues 11-25 (AMKRHGLDNYRGYSL) of HEL (43). 
GAD2 and HEL peptides are presented to T cells in association with 1-As' 
MHC class II molecules. 

Ig chimeras 

Ig-GAD2 and lg-HEL express GAD2 and HEL peptide, respectively. This 
was accomplished by inserting the corresponding nucleotide sequence in 
place of the diversity segment within the complementarity determining re- 
gion 3 (CDR3) of the heavy chain variable region of the 91A3 IgG2b, k Ig 
(13-16). The fusion heavy chain gene was then transfected along with the 
parental k light chain gene for expression as a complete self-lg molecule, 
as previously described (11, 13-16). Large-scale cultures of transfectoma 
cells were performed in DME media containing 10% iron-enriched calf 
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scrum (BioWhittakcr). Puritic; 
(GE Healthcare). 

Islet cell purification 

This was done according to 
In brief, the pancreata were d 
and islcLs were separated on a 



standard islet purification procedure (44)', 
;ested with collagenase type IV (Invitrogen), 
coll gradient (GE Healthcare). 



T cell line and proliferation assay 

A T cell clone specific for GAD2 peptide was generated in NOD mice as 
previously described (15). For presentation of Ig-GAD2, irradiated (3.000 
rads) NOD female splenocytes (5 * 10 5 cells/50 u.lAvelI) were incubated 
with graded amounts of either free peptide or Ig chimeras (100 pl/well), and 
1 li later the GAD2-specilic T cells (5 x 10* cells/well/50 pi) were added. 
Proliferation was measured by pHJthymidine incorporation assay. 

Assessment of insulin autoantibody (IAA) seroconversion, 



Serum IAA was detected by ELISA using porcine insulin as antigen, as previ- 
ously described (16). Assessment of blood glucose levels used test strips and 
an Accu-Chek Advantage monitoring system. A mouse is considered hyper- 
glycemic or diabetic when the blood glucose level is 160-250 mg/dl or 
300 mg/dl, respectively, for 2 consecutive weeks. 

Ig-GAD2 treatment regimens 

Treatment at the preinsulitu stage. Mice are given an i.p. injection of 
300 ug lg-GAD2 or Ig-HEL in 300 ul PBS at 4, 5, and 6 wk of age, a stage 
at which islet infiltration has begun and that is referred to as preinsulitis. Tilt- 
mice were monitored for blood glucose level up to 30 wk of age. 

Treatment at the injulitis (IAA*) stage. Mice are tested for IAA, and 
those who seroconvert between the ages of 8-11 wk are given a weekly i.p. 
injection of 300 ug of Ig-GAD2 ot lg-HEL in 300 ul PBS up to week 12. 
Subsequently, the mice received another 300 ug of lg-chimera every 2 wk 
until the age of 24 wk. These mice were monitored for blood glucose level 
beginning at week 12 until 3(1 wk of age. 

Treatment at the hyperglycemic stage. Mice began blood glucose level 
monitoring at 12 wk of age, and those who displayed a level of 160-250 
mg/dl for 2 consecutive weeks between the ages of 14-30 wk were consid- 
ered hyperglycemic. These mice were then subjected to a daily i.p. injection 
of 500 ug lg-GAD2 or lg-HEL for 5 d. Subsequendy, the mice received an- 
other 500 pg of lg-chimera every week far 15 or 25 consecutive weeks, and 
blood glucose levels were continuously monitored until 56 wk. These treat- 
ments are referred to as 15- and 25 wk-treatment regimen, respectively. 

Histology 

Pancreata were harvested from NOD females, fixed in 10% formalin, and 
embedded in paraffin. Sections of 8-p.m thickness were cut 100 p.m apart to 
prevent double counting the same islet. Four sections per pancreas were 
stained with hematoxylin and eosin and analyzed by light microscopy, lnsu- 
litis scoring was performed according to the following criteria: severe insuli- 
tis. 50% or higher of the islet area is infiltrated; mild insulins, <50% of the 
islet area is infiltrated; periuisjhus. infiltration is restricted to the periphery 

Immunohistochemistry 

Evaluation of cell division by 
Ig chimera-treated mice were 
(Sigma-Aldrich), 3 h before euthanasia. Pancreata and intestine were har- 

primary guinea pig anti-insulin antibodies, incubated with biotinylated goat 



id CD62L, cells wi 



irvested from spleens 
>ated with anti-CD4-PE, biotin- 
:rol biotin-conjugated rlgM), and 
IgG2a-FITC) for 30 min at 4°C. 
id stained with PcrCP-conjugated 
were washed, fixed with 4% fomi- 
:, and then analyzed. All antibodies 



anti-guinea pig antibodies, and visualized by saturation with Strcptavidm- 
aikaline phosphatase using the chromagen, 5-Bromo-4-chloro-3-indolyl 
phosphate/Nitroblue tetrazolium. For detection of BrdU incorporation, the 
sections were counter stained with biotinylated anti-BrdU antibody (Zymed), 
treated with Streptavidin-horseradish peroxidase, and visualized with the 
chromagen 3-arnino-9-ethylearbazole. 

Cytokine assays 

Splenocytes (5 x 10 s cells/well) were incubated with 30 pg/ml of free pep- 
tide or 5 ug/ml anti-CD3 antibody for 48 h, and cytokines in the supernatant 
were measured by ELISA and ELISPOT, as previously described (45). 

Flow cytometry 

For staining ofCD4,CD25, 

conjugated anti-CD25 (or isotype co 
anri-CD62L-FITC (or isotype control 
Subsequendy, the cells were washed 
srreptavidin for 30 min at 4°C. The eel 

were purchased from BD PharMingen. 

For intracellular Foxp3 staining, cells from spleens and pancreatic lymph 
nodes were first stained with anri-CD4-PE and biotin-conjugated anti-CD25 
antibodies. This was followed by PerCP-conjugated streptavidin staining. 
The cells were fixed with Fix/Perm butter (eBioscience), washed with 
penneaWlizaiion buffer (eBioscience), and sained with anri-Foxp3-FlTC 
antibody (clone FJK-16s; eBioscience), or isotype control rlgG2a-FlTC. 

For intracellular cytokine analysis of 1L-10 and IFN-y, the splenic cells 
(2 x 10* cell/ml) were stimulated with free peptide (30 pg/ml) for 6 h 
followed by 10 h incubation with brefeldin A (10 itg/ml) to block cyto- 
kine secretion and facilitate intracellular accumulation. The antibodies used 
were PerCP-anti-CD4 (RM4-5). biotii,-anti-Vp8. 1/8.2, PE-anti-IFNy 
(XMC1.2), and FITC-ami-tL- 10 (JESS-16E3: all from BD Biosciences). 
Isotype-matched controls were included in all experiments. Events were 
collected on a FACSeau flow cytomcter and analyzed with CellQuest soft- 
ware (Becton Dickinson). 

T cell polarization 

Naive splenocytes were isolated from 4-wk-old NOD.BDC2.5 transgenic 
mice and aenvated with soluble anti-CD3 (5 u.g/ml) and anti-CD28 (5 iig/ir.1) 
antibodies for 3 d in 10% FCS-DME media under Th1 7 polarizing (TGFE1 
13 ng/mlj, IL-6 (20 ng/mlj, anti-lFNy antibody [10 p-g/ml], and anri-IL-4 
annbody [10 u.g/ml]) and nonpolarizing conditions. Supernatant from acti- 
vated cells was tested for lFNy and 1L-17 by ELISA, and the cells were used 
for adoptive transfers. 

Adoptive transfer experiments 

For disease transfer by Th17, 10 x 10*"' naive, nonpolanzed and TM7-po!anzed 
cells were injected i.v into NOD.scid (4-6-wk-old) mice. Additional groups 
of mice received IL-17-neutralizing antibody along with the T cell transfer 
to serve as controls. Anri-1L-17 antibody (TC11-18H10; 200 pg/mouse) 
was given on the day of transfer, and 2 additional injections were given at day 4 
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I, Habib Zaghouani, do hereby declare and say: 

1 . I am a citizen of the United States and my current residential address is 1608 Brookfield 
Manor, Columbia, Missouri, 65203. 

2. I obtained my undergraduate degree in biochemistry from University of Paris, France in 
1981 . I obtained a Ph.D. in immunology from the University of Paris/Cancer Research 
Institute, France in 1987. 

3. I am presently the J. Lavenia Edwards Chair in Pediatrics, Director, Center for Cellular 
and Molecular Immunology and Professor, Department of Molecular Microbiology & 
Immunology and Department of Child Health at the University of Missouri. 

4. I have over one hundred publications and abstracts in the field of immunology. Please 
refer to the copy of my curriculum vitae in attached Appendix A for more details. 

5. I am a named inventor on the '070 application as well as on related co-pending 
application serial numbers: 10/681,788; 11/510,411; and 11/425,084. 

6. I have performed experiments examining the impact of administration, initiated at the 
pre-diabetic stage, of soluble Ig-GAD2 to NOD mice over a period of 56 weeks. Data are 
provided in attached Appendix B. 

7. NOD mice were assessed for blood glucose beginning at week 12 of age. Those mice 
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that reached glucose levels of 160 - 250 mg/dl between week 14 to 25 received the 
following Ig-GAD2 regimen: 500 jig of soluble Ig-GAD2 i.p. daily for 5 days and then 
weekly injections thereafter for either 15 or 25 weeks. Blood glucose monitoring was 
performed during this period. 

8. Overall, 100% of mice that became pre-diabetic at the age of 14 - 25 weeks and that were 
not treated with Ig-GAD2 progressed to diabetes (blood sugar level >300 mg/dl glucose) 
within 5 weeks after diagnosis of the pre-diabetic stage. Moreover, 60% of mice 
undergoing the 15-week treatment regimen were protected against diabetes throughout 
the 25 week post-hyperglycemia monitoring period. Interestingly, one mouse (Figure 1 
B, left panel, open stars) progressed to diabetes by 5 weeks of treatment and 3 mice 
(Figure 1 B, plus, open diamond, and open pentagon) had similar disease manifestations 
shortly after interruption of the treatment. 

9. When the regimen was extended to 25 weeks, 100% of the Ig-GAD2 treated animals 
were protected (Figure 1 A, right panel) and normoglycemia was restored in all mice 
(Figure 1 B, right panel). This status persisted throughout the duration of the study, 
which was terminated when the mice were 52 to 56 weeks of age. 

10. Detailed histopathologic analysis from the mice was performed. While most of the islets 
in hyperglycemic and diabetic control mice exhibited intrainsulitis (Figure 2, panels 1, 2 
and 3), the majority of islets in treated mice were not inflamed (Figure 2, panel 4) or had 
only mild periinsulitis (Figure 2, panels 5 and 6). 

1 1 . Overall, the histopathologic analysis indicated that treated mice had significantly greater 
number of islets when compared to both hyperglycemic and diabetic mice (Figure 3). 
The number of insulin-positive islets also increased from 14 per pancreas at the 
prediabetic stage to 29 per pancreas upon treatment with soluble Ig-GAD2. Analysis of 
islet infiltration scores among the different groups of mice indicated that the 15-week 
treatment group had a higher number of islets with periinsulitis (38% vs. 30%) or no 
insulin's (35% vs. 17%) relative to the hyperglycemic stage (Figure 4). On the other 
hand, the number of islets with severe- and mild-intrainsulitis were reduced in the treated 
versus hyperglycemic mice (8% and 19% vs. 22% and 31%, respectively) (Figure 4). 
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1 2, Surprisingly, in the 25-week treatment group, although the total number of islets was 
reduced to that of the hyperglycemic stage, most of these islets exhibited no (60%), peri- 
(28%) or mild intra- (12%) insulitis (Figure 4). Overall, the treatment with Ig-GAD2 led 
to a significant increase in the number of noninflammed ("healthy") islets that restored 
and maintained normoglycemia. 

13, An experiment was performed to determine whether the healthy islets discussed above 
were a result of a regression of inflammation and/or regeneration of beta cells. To 
address this question, the treated mice were injected with the proliferation indicator 5- 
bromo-2-deoxyuridine (BrdU), sacrificed and pancreatic sections were stained with anti- 
insulin and anti-BrdU antibodies and analyzed for BrdU incorporation and insulin 
production. 

14. BrdU staining was visible in the highly proliferative luminal intestinal cells but these had 
no staining with anti-insulin antibody (Figure 5). Islets of non-diabetic 5-week old NOD 
mice were positive when stained with anti-insulin antibody, but did not incorporate BrdU, 
suggesting that these insulin-producing beta cells were not newly generated cells (Figure 
6). Thus, under normal circumstances insulin production emanates from existing beta 
cells whose nuclei do not incorporate BrdU giving a minimal number of BrdU/insulin 
double-positive (BidUVinsulin*) beta cells (Figure 7). Sections from hyperglycemic 
mice showed very few insulin-producing beta cells and no BrdU incorporation (Figure 8) 
resulting in an insignificant number of BrdU7insulin + beta cells (Figure 7). In contrast, 
islets from the 25-week treatment group showed beta cells that stained positive for insulin 
and were either BrdU negative (previously generated beta cells) or BrdU positive (newly 
generated beta cells) (Figure 9). Notably, the number of these insulin-producing 
regenerating beta cells was significantly increased in all five mice in which treatment 
restored normoglycemia (Figure 7). 

1 5. Interestingly the total number of regenerating cells producing insulin (InsulinVBrdU 4 ) 
was low and may not solely account for the restoration of normoglycemia. Insulin- 
positive / BrdU-negative islet cells may have also contributed to the control of blood 
glucose level and these likely represent a combination of newly regenerated and 
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previously existing beta cells. There were also numerous BrdU positive / insulin- 
negative islet cells that likely represent newly regenerating cells that are not yet 
producing abundant insulin (Figure 9). 

16. Splenic cells from recovered mice were then stimulated with GAD2 peptide and assessed 
for both suppressive and inflammatory cytokines. The results indicated that although no 
measurable IL-4 or TGFp was detected (not depicted), there was significant IFNv and IL- 
10 production by these cells relative to the control HEL peptide (Figure 10). 

17. When in vivo cytokine neutralization was performed along with soluble Ig-GAD2 
treatment, the recovery persisted with anti-IL 10 treatment but was nullified by removal 
of IFNy (Figure 1 1). These results indicate that IFNy (but not IL-10), contrary to IFNy's 
well-defined inflammatory function, is likely involved in modulation of inflammation 
and restoration of normoglycemia. 

18. Thl7 cells represent a newly defined subset of pathogenic T cells whose development 
can be facilitated by TGFp* and IL-6 or interfered with by IFNy or IL-27. Because 
soluble Ig-GAD2 treatment induces IFNy, we sought to determine whether restoration of 
normoglycemia involves interference with IL-17 production. As such, an experiment was 
performed to assess whether IL-17 is produced by NOD T cells and, if so, to follow its 
pattern of secretion during disease progression. 

19. IL-1 7 was evident upon IAA -seroconversion and increased significantly when the mice 
progressed to hyperglycemia and diabetes. Treatment with soluble Ig-GAD2 at the 
hyperglycemic stage significantly reduced the frequency of GAD2-specific IL-17 
producing cells as measured by spot formation (data not shown). However, 
neutralization of IFNyby administration of anti-LFNy antibody along with Ig-GAD2 
restored even higher frequency of Thl7 cells which was likely caused by complete 
neutralization of IFNv (data not shown). It is therefore likely that the restoration of 
diabetes by neutralization of IFNy during treatment with Ig-GAD2 as seen in Figure 1 1 is 
actually caused by restoration of Thl7. 

20. At the time of filing of the '070 application T1D was suspected to involve multiple 
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autoantigens and the initiating antigen was unknown. As such, a person of ordinary skill 
in the art reading the literature at that time would have expected that induction of 
tolerance, if even possible, would require modulation of diverse T cell specificities 
through a combination of peripheral tolerance and bystander suppression. 

21. It was known prior to filing of the '070 application that cross-linking of Fc receptors on 
target cells by antigen-antibody complexes could trigger the production of cytokines such 
as IL-10 which are important for down regulating T cells engaged to antigen presenting 
cells as well as neighboring T cells (e.g. bystander suppression). 

22. Additionally, at the time of the '070 application, aggregation of Igs was known to confer 
effector functions associated with the Fc fragment without the need for complex 
formation. 

23. In view of the foregoing, at the time the '070 application was filed, a person of ordinary 
skill in the art would not have believed that a soluble Ig-peptide chimera would be 
effective at treating T1D because such a person would not have expected a soluble Ig 
chimera to cross-link Fc receptors and stimulated cytokines (e.g. IL-10) by APCs so as to 
stimulate bystander suppression. 

24. Surprisingly, we have found that soluble Ig-GAD2, despite the fact that it does not induce 
cross-linking of Fc receptors, delayed T1D when administered at the preinsulitis stage 
and reversed diabetes when given at the prediabetic stage whereas aggregated Ig-GAD2 
(which would be expected to cross-link Fc receptors and induce IL-10 secretion by 
APCs) did not delay diabetes when given after IAA seroconversion (unpublished data). 

25. In my opinion, at the time of filing of the present application a person of ordinary skill in 
the art would not have expected that the presently claimed soluble Ig-GAD2 construct but 
not the aggregated Ig-GAD2 construct would delay T1D when administered after IAA 
seroconversion — a relatively advanced stage of disease. 

26. In my opinion, a person of ordinary skill in the art, at the time of filing the present 
application, would not have expected that an antigen-specific single-epitope therapy such 
as soluble Ig-GAD2 would restore normoglycemia in hyperglycemic NOD mice. 
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27. It would have been particularly surprising to the person of ordinary skill in that art that 
soluble Ig-GAD2 was able to restore normoglycemia through an IL-10-independent 
mechanism. Such a person would certainly not have predicted that soluble Ig-GAD2 
would delay T1D and reverse disease in pre-diabetic mice by inducing IFNvto suppress 
IL-1 7 which is contrary to IFNv's well known inflammatory function. 

28. Moreover, in my opinion, at the time of filing the present application a person of ordinary 
skill in the art would not have expected that treatment with the claimed soluble Ig-GAD2 
construct would lead to an increase in the number of healthy, insulin positive pancreatic 
islet cells in NOD mice by comparison with controls. 

29. I declare that all statements made herein of my own knowledge and are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment or both under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity 
of the above-referenced application or any patent issuing thereon. 
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Mentor). 

T32 RR007004, National Institutes of Health, July 2005-June 2010, Postdoctoral Training in 
Comparative Medicine. PI: Craig Franklin (Zaghouani: Mentor). 

T90 DK71510, National Institutes of Health, September 2004 - August 2009. Bench and Back: 
Clinical biodetectives training. Pi: Mark Milanick (Zaghouani: Mentor). 



R90 DK71510, National Institutes of Health, September 2004 - August 2009. Bench and Back: 
Clinical biodetectives training. PI: Mark Milanick (Zaghouani: Mentor). 



K08 AR048671, National Institutes of Health, June 2005-April 2008, Cytokine regulation of 
collagen-induced arthritis. PI; Robert Ortman (Zaghouanl: Mentor). 

1G20 RR021327, National Institutes of Health, September 2004-August 2009. Equipment for 
the MU Life Sciences Center. PI: Lon Dixon, (Zaghouani: Key personnel). 

1 G20 RR01971 1, National Institutes of Health, September 2004-Agust 2009. Renovation of MU 
Medical School Vivarium. PI: Lon Dixon. (Zaghouani: Key personnel). 

U19AT003264-01, National Institutes of Health, September 2005 - August 2009. TICIPS: 
HIV/AIDS, Secondary Infections and Immune Modulation. Center grant. PI: William Folk 
(Zaghouani: Faculty Member). 

Research Foundation Grant, Arthritis Foundation, April 2006 - May 2008. Synoviolin is a 
target for arthritis. PI: Deyu Fang (Zaghouani: Mentor). 



C. Previous Support (PI: Zaghouani, H) 



1) . R21 Al 062796, National Institutes of Health, July 2005-June 2007. Immune tolerance in the 
newborn mouse. Yearly direct cost $150,000. PI: Habib Zaghouani. No cost extension 
11/30/2007 

2) . 1R01 AI48541, National Institutes of Health, May 2001- April 2006. Regulation of neonatal 
immunity. Yearly direct cost: $175,000. PI: Habib Zaghouani. 

3) . Astral Inc, October 2001- September 2004. Development of Approaches to Combat 
Autoimmunity. PI: Habib Zaghouani. 

4) . RO1NS37406, National Institutes of Health, January 2000- December 2004. Modulation of 
autoreactive T cells. PI: Habib Zaghouani 

5) . RG2967B-3, National Multiple Sclerosis Society, October 2002 - March 31, 2004 Down- 
regulation of encephalitogenic T cells. PI: Habib Zaghouani. 

6) . RG2967A2/1 , National Multiple Sclerosis Society, April 99 - March 2002. Down-regulation of 
encephalitogenic T cells. PI: Habib Zaghouani. 

7) . Astral Inc: March 95 - July 2001 . A novel approach to delete encephalitogenic T cells. PI: 
Habib Zaghouani. 

8) . RG2778A1/1, National Multiple Sclerosis, April 96 - March 1999. A deletional strategy for 
encephalitogenic T cells. PI: Habib Zaghouani. 

9) . Astral Inc:, September 97- August 99. Generation of human Ig chimeras carrying wild type or 
antagonist forms of myelin peptides. PI: Habib Zaghouani. 



10). 1R41AI47496, (STTR): National Institutes of Health, September 2000-August 2001. 
Treatment of EAE using a novel delivery system. . Co-Pi: Habib Zaghouani. 
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Microbiology 205 (Medical Microbiology) 3 credit hours, 8 lecture contact 
hours, 170 student, Spring semester, University of Missouri School of 
Medicine, Columbia. 



Microbiology 304 (Immunology) 3 credit hours, 14 lecture contact hours, 
30 students, Fall semester, Molecular Microbiology and Immunology, 
University of Missouri School of Medicine, Columbia. 



Microbiology 407 (advanced Immunology) 4 credit hours, 9 lecture 
contact hours, 18 students, Spring semester, Molecular Microbiology and 
Immunology, University of Missouri School of Medicine, Columbia. 



Bio 4952, Undergraduate research, 3 credit hours, 1-2 students, Fall and 
Winter semesters 



Bio 4950, Undergraduate research, 3 credit hours, 2-3 Students, Fall and 
Winter semesters 



Direct Immunology Journal Club, 1 hour/week all year around, 40 student, 
postdocs and faculty members 



Microbiology 430 (Immunology), 3 credit hours, 45 lecture contact hours, 
100-120 students, Fall semester, Microbiology, The University of 
Tennessee, Knoxville. 



Co-direct Microbiology 602 (Microbial Pathogenesis Journal Club), 1 
credit hour, 15 lecture contact hours, 10-15 students, Fall semester, 
Microbiology, The University of Tennessee, Knoxville. 



Co-direct Microbiology 603 (Immunology Journal Club), 1 credit hours, 15 
lecture contact hours, 10-15 students, Spring semester, Microbiology, 
The University of Tennessee, Knoxville. 



Microbiology 401 (Undergraduate Research), 3 credit hours, 1-2 students 
per semester, Microbiology, The University of Tennessee, Knoxville. 



1998: 



Microbiology 630 (Topics in Immunology), 3 credit hours, 10 lecture 
contact hours, 20 students, Spring semester, (Seminar Series) 
Microbiology, The University of Tennessee, Knoxville. 



Microbiology 493 (Independent Study in Immunology), 6 students, 10 
lecture contact hours, spring, Microbiology, The University of Tennessee, 
Knoxville. 

600-level Immunology course, 3 credit hours, 6 lecture contact hours, 10 
students, spring, Microbiology, Mount Sinai School of Medicine, New 
York. 



HONORS AND AWARDS 

2006. Speaker, Keystone Symposia on Tolerance Autoimmunity and Immune 

Regulation. March 21-26, 2006. Beaver Run Resort, Breckenridge, Colorado. 
Presentation title: Tregs for or against diabetes. 

2004: Research Equipment Award for the purchase of an ELISPOT Analyzer, Office of 

Research, The University of Missouri, 

2003: Keystone Symposia Scholarship ($1,000) for poster presentation by Hyun-Hee 

Lee, a graduate student in the laboratory, the meeting was held in Snowbird, UT 

2003: Honorable citation for poster presentation by Randal Gregg, a graduate student 

in the laboratory. Life Science week, University of Missouri-Columbia. 

2001 : Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

2000: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

2000: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of research Administration, The University of Tennessee, 
Knoxville. 

1999: Chancellor's nomination for Howard Hughes Medical institute Assistant 

Investigator Appointment, The University of Tennessee, Knoxville. 

1999: Biological Equipment Award, Office of Research Administration/Science 

Alliance/Genome Science and Technology/Division of Biology, The University of 
Tennessee, Knoxville. 

1999: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

1999: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of research Administration, The University of Tennessee, 
Knoxville. 
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1998: Science Alliance Research Excellence Award, Oak Ridge National Laboratories 

and The University of Tennessee, Knoxville. 

1998: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of Research Administration, The University of Tennessee, 
Knoxville. 

1 997: Biological Equipment Award, Office of Research Administration/Science Alliance/ 

Division of Biology/ Department of Microbiology, The University of Tennessee, 
Knoxville. 

1997: Exhibit, Performance, and Publication Expense Award, Faculty Senate Research 

Council and Office of Research Administration, The University of Tennessee, 
Knoxville. 

1990: Research Excellence Award, Alliance Pharmaceutical Corporation. San Diego, 

CA. 

1987-1988: Scientist Exchange Award (Postdoctoral Fellowship), French Cancer Society, 
Paris, France. 

1984-1987: Graduate Student Scholarship, French Cancer Society, Paris, France. 



PROFESSIONAL SERVICE 



2007: Chair, Block symposium, regulation of immune cell development and 

function, American Association of Immunologis, Miami, FL. 

2006-2010: Panel member, Hypersensitivity, Autoimmune and Immune-mediated 

Diseases (HAI) study section. 

2006: Chair, Block symposium, treatment of autoimmune disease, American 

Association of Immunologis, Boston, MA. 

2006; Review panel member, research proposals on Neurosciences, La Marato 

de TV3 Foundation, Catalan Agency For Health Technology Assessment 
And Research 

2005: Chair, Block symposium, Cytokines and autoimmunity, American 

Association of Immunologis, Experimental Biology Meeting, San Diego, 



2004: Panel member, NIAID Biodefence Workshop, Immunization and 

Vacination in Special Populations, Division of Allergy, Immunology and 
transplantation, NIH, Bethesda, MD 
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2004-present: 



Chair, Block symposium, Tolerance and regulation of autoimmunity, 
American Association of Immunologis, Experimental Biology Meeting, 
Washington DC. 

Adhoc Reviewer, TTT Study section, National Institutes of Health 



2004-present: 

2003 

2003 

2003-present: 
2003-present: 
2003-present: 

2003-present 

2002-2004: 
2001 -present: 

2000-2001: 
1992-2000: 
1989-present: 
2000: 

2000-2001: 

1995-2001: 
1998: 

1999: 



Adhoc Reviewer, HAI Study section, National Institutes of Health 

Adhoc Reviewer, IMS Study Section, National Institutes of Health 

Adhoc Reviewer, ALY Study Section, National Institutes of Health 

Member, Molecular Biology Program, University of Missouri-Columbia 

Member, Genetics Area Program, University of Missouri-Columbia 

Member, Veterinary Pathobiology Area Program, University of Missouri- 
Columbia 

Scientific Consultant, Division of endocrinology and Diabetes, Unversity 
of Missouri, Kansas City, MO 

Scientific Consultant, Alliance Pharmaceutical, San Diego, CA. 

Member of The Graduate Student Recruitment Committee, Department of 
Molecular Microbiology and Immunology, The University of Missouri 
School of Medicine, Columbia. 

Adhoc Reviewer, BM-1 Study Section, National Institutes of Health 

Editorial board member: Viral immunology 

Reviewer: Immunology Journals 

Guest Editor, International Review of Immunology 

Chair, Graduate Student Advisory Committee, Genome, Science, and 
Technology program, Oak Ridge National Laboratories and The 
University of Tennessee, Knoxville. 

Member of The Graduate Student Recruitment Committee, Department of 
Microbiology, The University of Tennessee, Knoxville. 

Member of Faculty Search Committee, Department of Comparative 
Medicine, College of Veterinary Medicine, The University of Tennesee, 
Knoxville. 

Panel Member: NIH/NCi, Small Business Innovation Research 
(SBIRySmall Business Technology Transfer (STTR) Grant program. 
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Flexible system to advance innovative research for cancer drug discovery 
by small business panel. 



PROFESSIONAL MEMBERSHIP 



2006-present: 
1998-p resent: 
1992-p resent: 
1992-p resent: 



Member of the Henry Kunkel Society 
Member of the Society for Neuroscience 

Member of the American Association for the Advancement of Science. 
Member of the American Association of Immunologists. 



PUBLICATIONS 



Manuscripts published In peer-review journals 



1. Bot, A., D. Smith, B. Phillips, S. Bot, C. Bona, and H. Zaahouani . (2006). Immunologic 
control of tumors by In vivo FcgR-targeted antigen loading in conjunction with dsRNA- 
mediated immune modulation. J. Immunol . 176:1363-1374. 

2. 58. Caprio-Young, J., J. J. Bell, H-H. Lee, J. S. Ellis, D. M. Nast, G. Sayler, B. Min, 
and H. Zaahouani. (2006). Neonatally Primed Lymph Node but not Splenic T Cells 
Display a Gly- Gly Motif Within the T Cell Receptor Beta Chain Complementarity 
Determining Region 3 (CDR3) That Controls Affinity and Lymphoid Organ Retention. 
Immunol. 176:357-364. 

3. Yu, P., R. K. Gregg, J. J. Bell, J. S. Ellis, R. Divekar, H-H Lee, R. Jain, H. Waldner, J. 
C. Hardaway, M. Collins, V. K. Kuchroo, and H. Zaahouani . (2005). Specific T 
regulatory cells (Tregs) display broad suppressive functions against experimental 
allergic encephalomyelitis upon activation with cognate antigen. J. Immunol, 1 74:6772- 
6780. 

4. Gregg, R. K., J. J. Bell, H-H. Lee, R. Jain, S. J. Schoenleber, R. Divekar, and H. 
Zaahouani (2005). IL-10 diminishes CTLA-4 expression on islet-resident T cells and 
sustains their activation rather than tolerance. J. Immunol. 1 74: 662-670. 

5. Gregg, R. K., R. Jain, S. J. Schoenleber, R. Divekar, J. J. Bell, H-H. Lee, P. Yu, and 
H. Zaahouani. (2004). A sudden decline in active membrane-bound TGFp" impairs both 
T regulatory cell function and protection against autoimmune diabetes . J. Immunol. 
173:7308-7316. 

6. Li, L, H-H. Lee, J. J. Bell, R. K. Gregg, J. S. Ellis, A. Gessner, and H. Zaghouani. 
(2004). IL-4 Utilizes an Alternative Receptor to Drive Apoptosis of Th1 Cells and 
Skews Neonatal Immunity Towards Th2. Immunity. 20: 429-440. 

7. Bell, J. J., B. Min, R. Gregg, H-H. Lee, and H. Zaahouani . (2003). Break of neonatal 
Th1 tolerance and exacerbation of experimental allergic encephalomyelitis by 
interference with B7 costimulation. J. Immunol. 171:1801-1808. 
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8. Legge, K. L, Gregg, R. K. Maldonado-Lopez, R., Li, L, Caprio, J. C„ Moser, M., and 
Zaqhouanl, H. (2002). On the role of dendritic cells in peripheral T cell tolerance and 
modulation of autoimmunity. J. Exp. Med. 196:217-227. 

9. Pack, C. D., Cestra, A. E., Min, B., Legge, K. L, Li, L., Caprio, J. C, Bell, J. J., Gregg, 
R. K., and Zaqhouani, H. (2001). Neonatal exposure to antigen primes the immune 
system to develop responses in various lymphoid organs and promotes bystander 
regulation of diverse T cell specificities. J. Immunol. 167:4187-4195. 

10. Li, L, Legge, K. L, Min, B., Bell, J. J, Gregg, Ft, Caprio, J. and Zaahouani. H . (2001). 
Neonatal immunity develops in a transgenic TCR transfer model and reveals a 
requirement for elevated cell input to achieve organ-specific responses. J. Immunol. 
167:2585-2594 

1 1. Min, B., Legge, K. L, Li, L., Caprio, J. C, Gregg, R. K., Bell, J. J., and Zaqhouanl. H. 
(2001). Defective expression of CD40L undermines both IL-12 production by antigen 
presenting cells and up-regulation of IL-2 receptor on splenic T cells and perpetuates 
INFy-dependent T cell anergy. J. Immunol. 166:5594-5603. 

12. Day, R. B., Okada, M., Ito, Y., Tsukada, K., Zaqhouani. H. . Shibuya, N., and Stacey, G. 
(2001 ). Binding site of chitin oligosaccharides in the soybean plasma membrane. Plant. 
Phvs. 126:1-12. 

13. Legge, K. L., Min, B., Caprio, J. C, Li, L., Gregg, R. K., Bell, J. J., and Zaqhouani. H. 
(2000). Coupling of peripheral tolerance to endogenous IL-10 promotes effective 
modulation of myelin-activated T cells and ameliorates experimental allergic 
encephalomyelitis. J.Exp.Med. 191:2039-51. 

14. Anderson, A. C, Nicholson, L. B., Legge, K. L., Turchin, V., Zaqhouanl. H .. and 
Kuchroo, V. K. (2000). High frequency of auto-reactive myelin proteolipid protein (PLP)- 
specific T cells in the periphery of nalfve mice: mechanisms of selection of the self- 
reactive repertlore. J. Exp. Med. 191:761-770. 

15. Min, B., Legge, K. L, Caprio, J. C, Li, L, Gregg, R„ and Zaqhouani. H . (2000). 
Differential control of neonatal tolerance by antigen dose versus extended exposure and 
adjuvant. Cell. Immunol. 200 :45-55. 

16. Legge, K. L, Min, B„ Pack, C. D., Caprio, J. C, and Zaqhouani. H. (1999). Differential 
presentation of an altered peptide within fetal central and peripheral organs supports an 
avidity model for thymic T cell development and Implies a peripheral re-adjustment for 
activation. J. Immunol. 162:5738-46. 

17. Min, B., Legge, K. L., Pack, C. D. and Zaqhouani, H . (1998). Neonatal exposure to a self 
peptide-lg chimera circumvents the use of adjuvant and confers resistance to 
autoimmune disease by a novel mechanism Involving IL-4 lymph node deviation and 
INFymedlated splenic anergy. J. Exp. Med. 188:2007-17. 

18. Legge, K. L, Min, B., Cestra, A.E., Pack, C. D., and Zaqhouani. H. (1998). T cell 
receptor agonist and antagonist exert !n vivo cross-regulation when presented on 
Immunoglobulins. J. Immunol. 161:106-11. 
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19. Legge, K. L, Min, B,, Potter, N.T., and Zaahouani, H. (1997). Presentation of a T cell 
receptor antagonist peptide by immunoglobulins ablates activation of T cells by a 
synthetic peptide or protein requiring endocytic processing. J. Exp. Med. 185:1043-53. 

20. Brumeanu, T-D, Dehazya, P., Wolf, I., Bot, A., Bona, C, and Zaahouani. H . (1996). 
Engineering of double antigenized Igs carrying B and T cell epitopes. 
Immunotechnoloav 2:85-95. 

21. Brumeanu, T-D., Zaahouani, H„ and Bona, C. (1995). Purification of antigenized 
immunoglobulins derivatized with monomethoxypolyethylene glycol. J. Chromatoar. 
696:219-25. 

22. Brumeanu, T-D., Zaahouani. H .. Elahi, I., Daian, C. and Bona, C. (1995). Derivatization 
with monomethoxypolyethylene glycol of Igs expressing viral epitopes obviates adjuvant 
requirement. J. Immunol. 154:3088-95. 

23. Zaahouani. H .. Anderson, S., Sperber, K. E., Daian, C, Kennedy, R. C, Mayer, L and 
Bona, C. (1995). Induction of antibodies to the human Immunodeficiency virus type 1 by 
immunization of baboons with immunoglobulin molecules carrying the principal 
neutralizing determinant of the envelope protein. Proc. Natl. Acad. Sci.USA . 92:631-35. 

24. Bona, C, Brumeanu, T-D and Zaahouani. H . (1994). Immunogenic^ of microbial 
peptides grafted in self immunoglobulin molecules. Cell. Mol. Biol . 40 (suppl):21-30. 

25. Brumeanu, T-D., Swiggard, W. J., Steinman, R. M., Bona, C, and Zaahouani. H . (1993). 
Efficient loading of identical peptide onto class II molecules by antigenized 
immunoglobulin and PR8 virus. J. Exp. Med. 178:1795-99. 

26. Brumeanu, T-D., Kohanski, R., Bona, C, and Zaahouani. H. (1993). A sensitive method 
to detect defined peptide among those eluted from murine MHC class II molecules. J. 
Immunol, Meth . 160:65-71. 

27. Kuzu, Y., Kuzu, H., Zaahouani. H „ and Bona, C. (1993). Priming of CTLs at various 
stages of ontogeny with transfectoma cells expressing a chimeric Ig heavy chain gene 
bearing an influenza virus nucleoprotein. International. Immunol . 5:1301-07. 

28. Zaahouani. H .. Kuzu, Y., Kuzu, H., Swigard, W., Steinman, R., and Bona, C. (1993). 
Contrasting efficacy of presentation by major histocompatibility complex class I and 
class II products when peptides are administered within a common protein carrier, self 
immunoglobulin. Eur. J. Immunol. 23:2746-50. 

29. Penney, C. L, Ethier, D., Dionne, G., Nixon-George, A, Zaahouani. H ., Michon, F., 
Jennings, H., and Bona, C. (1993). Further studies on the adjuvanticity of stearyl 
Tyrosine and ester analogues. Vaccine. 11:11 29-1 1 34. 

30. Kuzu, H., Kuzu, Y., Zaahouani. H .. and Bona, C. (1993). In-vivo priming effect during 
various stages of ontogeny of an influenza virus nucleoprotein derived peptide. Eur. J. 
Immunol. 23:1397-1400. 
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31. Zaahouani. H - Steinman, R., Nonacs, R.,. Shah, H., Gerhard, W. and Bona, C. (1993). 
Efficient presentation of a viral T helper epitope expressed in the CDR3 region of a self 
immunoglobulin molecule. Science . 259:224-27. 

32. Shengqiang, L, Polonis, V., Isobe, H., Zaghouani, H., Guinea, R., Moran, T., Bona, C, 
and Palese, P. (1993). Chimeric influenza virus induces neutralizing antibodies and 
cytotoxic T cells against human immunodeficiency virus type 1. J. Virol. 67:6659-66. 



33. Hall, B., Zaahouani. H .. Daian, C. and Bona, C. (1992). A single amino acid mutation in 
CDR3 of the 3-14-9 light chain abolished expression of the IDA 10 defined idiotype and 
antigen binding. J. Immunol. 149:1605-12 

34. Nixon, A., Zaahouani. H .. Penney, C. L, Lacroix, M., Dionne, G., Anderson, S., 
Kennedy, R. C. and Bona, C. A. (1992). Adjuvanticity of stearyl tyrosine on the antibody 
response to peptide 503-535 from HIV gp160. Viral. Immunol 5:141-50 

35. Zaohouani. H .. Krystal, M., Kuzu, H., Moran, T., Shah, H., Kuzu, Y., Schulman, J. and 
Bona, C. (1992). Cells expressing a heavy chain immunoglobulin gene carrying a viral T 
cell epitope are lysed by specific cytolytic T cells. J. Immunol. 148:3604-09. 

36. Zaahouani. H .. Goldstein, D., Shah, H., Anderson, S., Lacroix, M., Dionne, G., Kennedy, 
R. C. and Bona, C. (1991). Induction of antibodies to the envelope protein of the human 
immunodeficiency virus by immunization with monoclonal anti-ldiotypes. Proc. Natl. 
Acad. Sci. USA. 88:5645-49. 

37. Kaushik, A., Mayer, R., FkJanza, V., Zaghouani, H., Lim, A., Bona, C. and Dighiero, G. 
(1990). LY-1 and V-gene expression among hybridomas secreting natural autoantibody. 
J. Autoimmunity, 3:687-700. 

38. Mayer, R., Zaahouani. H .. Usuba, O. and Bona, C. (1990). The LY-1 gene expression in 
murine hybridomas producing autoantibodies. Autoimmunity. 6:293-305. 

39. Bonilla, F. A., Zaahouani. H - Rubin, M. and Bona, C. (1990). VK gene usage, idiotype 
expression, and antigen binding among clones expressing the VHX24 gene family 
derived from naive and anti-id immune Baib/c mice. J. Immunol. 146:616-22. 

40. Fidanza, V., Mayer, R., Zaahouani. H .. Dilibertl, M. A., and Bona, C. (1990). 
Autoantibodies, LY-1 and immunoglobulin V gene expression in hybridomas obtained 
from young and old NZB mice. Arthritis & Rheumatism . 33:71 1-23. 

41 . Zaahouani. H .. Bonilla, F. A, Meek, K. & Bona, C. (1989). Molecular basis for 
expression of the A48 regulatory Idiotype on antibodies encoded by immunoglobulin 
variable region genes from various families. Proc. Natl. Acad. Sci. USA . 86:2341-45. 

42. Zaahouani. H .. Fidanza, V. and Bona, C. (1989).The significance of Idiotype-anti-idiotype 
interactions in the activation of self reactive clones. Clin. Exp. Rheumatology . 7/S-3:S19- 
25. 
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43. Pinter, A., Hortnen, W. J., Tilley, S, A., Bona, C, Zaghouani, H ,, Zolla-Pazner, S. and 
Gorny, M. (1989). Oligomeric structure of gp41, the transmembrane protein of human 
immunodeficiency virus type 1 . J. Virol. 63:2674-79. 

44. Zaghouani. H .. Pene, J., Rousseau, V. and Stanislawski, M. (1988). A new strain 
specific cross-reactive idiotype with possible regulatory function expressed on Balb/c 
anti-a(1-3) dextran antibodies. J. Immunol. 140:3844-50. 

45. Zaghouani. H. . and Stanislawski, M. (1987). Regulation of the response to a(1-3) 
dextran: An anti-dextran associated idiotope of Balb/c mice is also expressed on A/J 
anti-NIP antibodies. Mol. Immunol. 24:1237-42. 

46. Bara, J., Gautier, R., Zaghouani. H. and Decans, C. (1986). Monoclonal antibodies 
against oncofetal mucin M1 antigens associated with precancerous colonic mucosae. 
Cancer Res. 46:3983-89. 

47. Pene, J., Rousseau, V., Zaghouani. H .. Paroutaud, P., Strosberg, D.and Stanislawski, 
M.(1986). Monoclonal anti-a(1-3) dextran antibodies of Igha Balb/c and Igh" C.B20 mice 
display striking similarities. J. Immunol. 137:2319-24. 

48. Pene, J., Bekkoucha, F., Desaymard, C, Zaghouani. H .. and Stanislawski, M. (1983). 
Induction of a cross-reactive idiotype dextran-positive antibody response in two IghC" 
mouse strains treated with anti-J558 cross-reactive idiotype antibodies. J. Exp. Med. 
157:1573-93. 



Book Chapters and Reviews 



1. Phillips W. J., D. J. Smith, C. A. Bona, A. Bot, and H. Zaghouani . (2005). Recombinant 
immunoglobulin-based epitope delivery: a novel class of autoimmune regulators. 

Int Rev Immunol. 24:501-517. 

2. Legge, K. L, J. Jeremiah Bell, L. Li, R. Gregg, J.C. Caprio, and H. Zaghouani. (2001 ). 
Multi-modal antigen specific therapy for autoimmunity, Intl. Rev. Immunol . 20: 593-61 1. 

3. Min, B., Legge, K. L., Li, L., Caprio, J. C, Pack, C. D., Gregg, R., McGavin, D., 
Slauson, D., and Zaghouani. H . (1999). Neonatal tolerant immunity for vaccination 
against autoimmunity. Intl. Rev. Immunol . 2000 : 247-264. 

4. Zaohouanl. H .. Kuzu, Y., Kuzu, H., Mann, N., Daian, C, and Bona, C. (1993). 
Engineered immunoglobulin molecules as vehicles for T cell epitopes. Int. Rev. Immunol . 
10:265-77. 

5. Zaghouani. H .. and Bona, C. (1992). Stimulation of lymphocytes by anti-idiotypes 
bearing the internal image of viral antigens. In T Lymphocytes Structure, Function, 
Choices ( eds, Celada, F., and Pernis, B). NATO ASI SERIES. Series A: Life Sciences 
233: 121-23. 

6. Zaohouanl. H .. Hall, B., Shah, H. and Bona, C. (1991). Immunogenlclty of synthetic 
peptides corresponding to various epitopes of the human immunodeficiency virus 
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envelope protein. In Adv. Exp. Med. Biol, (ed, Atassi, Z ). Plenum Press, New York. 303: 
53-62 

7. Mayer, R., and Zaahouani, H . (1 991 ). Molecular studies on the contribution of the LY-1 B 
cell subset to self-reactivity. In Molecular Immunobioloav of Self Reactivity. Immunology 
series, (eds, Bona, C. & Kaushik, A. ) Marcel Dekker Publisher, New York. . 55: 61-79 

8. Bonilla, F. A., Zaahouani. H . and Bona, C. (1 990) Patterns of idiotypic similarity and their 
structural bases among antibodies specific for foreign and self antigens. In Idbtvoe in 
Biology and Medicine , (eds, Carson, D. A., Chen, P. P. and Kipps, T. J.). Prog. Chem. 
Immunol. Basel, Karger. 48:49-62. 

9. Mayer, R., Zaahouani. H .. Kaushik, A., Kasturi, K., Fidanza, V. and Bona, C. (1990). The 
expression of LY-1 and immunoglobulin variable gene families in hybridomas producing 
autoantibodies of various specificities. In The Molecular Aspects of Autoimmunity , (eds, 
Farid, N. R. and Bona, C.A.). Academic Press, PP 1 -27. 

10. Zaahouani. H .. Vlctor-Kobrln, C, Barak, Z„ Bonilla, F.A. and Bona, C. (1988). Molecular 
profile of monoclonal antibodies expressing the A48 regulatory idiotype and having 
distinct antigenic specificities. Ann. New York. Acad. Sci . 546:248-50. 
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